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INFORMATION SERVICES 


LREADY before the Prime Minister, on January 

24, made his statement in the House of Commons 
about the responsibilities of Dr. Charles Hill, as 
Chancellor of the Duchy of Lancaster, for the co- 
ordination of Government information services at 
home and abroad, some concern was being expressed 
about the adequacy and effectiveness of British 
overseas information services. This was probably 
due in part to the delay of the Government in taking 
action on the recommendations of the Drogheda 
Committee. Even nearly three years after the report 
was presented, repeated tribute to the work of the 
Committee has not so far resulted in action designed 
to provide overseas information services, including 
broadcasting, with adequate resources for objectives 
which are broadly but clearly defined, and the value 
of which is repeatedly attested at successive junctures 
in international affairs. Meanwhile, neither the 
British Council nor the British Broadcasting Cor- 
poration is able to plan such services on any really 
long-term policy with the consequent maximum 
advantage in efficiency and staff, and the future of 
the services is in jeopardy at each fresh financial 
stringency. 

The criticisms made last autumn of both the nature 
and the effectiveness of some British broadcast ser- 
vices, while arising to some extent out of an excep- 
tionally difficult situation, had provoked uneasiness 
as to Dr. Hill’s responsibilities towards the British 
Broadcasting Corporation and to other Government 
information services which was not entirely removed 
either by the Prime Minister’s statement or by replies 
to subsequent questions. The extent of this concern 
was shown by a debate in the House of Lords on the 
B.B.C. external services on February 6, and by the 
barrage of questions which Dr. Hill himself encoun- 
tered in the House of Commons, notably on February 
18. Earlier last year the British Broadcasting Cor- 
poration had been led to publish a separate account 
of those services, and in October 1955 there was at 
last presented to Parliament, in accordance with a 
recommendation of the Public Accounts Committee 
for the Session 1948-49, a White Paper summarizing 
the estimated expenditure on Government Informa- 
tion Services, 1955-56. 

The Prime Minister, in his statement of January 24, 
said that in addition to his duties as Chancellor of the 
Duchy of Lancaster, Dr. Hill would be responsible 
for co-ordinating Government information services 
at home and abroad. This would not affect the 
existing responsibility of Ministers for their own 
information services, but Mr. Macmillan thought that 
it would be useful to co-ordinate the work of the 
public relations officers of the different Departments 
especially in relation to overseas work. Pressed 
specifically on January 30 in regard to Dr. Hill’s 
responsibilities in respect of the British Broadcasting 
Corporation, the Lord Privy Seal, replying for the 
Prime Minister, stated that there was no change in 
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the statutory responsibilities of the Postmaster- 
General in relation to both the British Broadcasting 
Corporation and the Independent Television Auth- 
ority, under the charter and licence and the Inde- 
pendent Television Act, respectively. The Chancellor 
of the Duchy was responsible for co-ordinating 
information services as a whole, and there was no 
question of his being used to put Government pressure 
on the British Broadcasting Corporation in respect 
of either its home or its overseas services. Overseas 
Ministers would remain responsible for prescribing 
the services to be broadcast in the British Broad- 
casting Corporation external services, but not for the 
content of the broadcasts. 

On February 18, in answering a series of questions, 
Dr. Hill said that he is at present scrutinizing the 
overseas services, but he saw no reason why his 
function of assisting the Press and the British Broad- 
casting Corporation by securing a better supply of 
official news and information should cause anxiety in 
the Corporation, the autonomy of which as regards 
programmes is unchanged. He said he does not 
propose to add to the channels of contact for keeping 
the Corporation informed about the policies and 
actions of the Government already established by 
the Secretaries of State for Foreign Affairs, Common- 
wealth Relations and the Colonies. As regards 
co-ordination, he was attempting rather to secure a 
better flow through existing channels of information 
than to create new ones, and he gave an unqualified 
assurance that no Ministry of Information and 
Propaganda would be established. The purpose of 
his review of the Government information services 
was to seek ways in which they could be improved, 
and to establish whether the balance of expenditure 
and effort involved needs readjustment. He added 
that it will be some time before the review can be 
completed, but in it full account will be taken of the 
recommendations of the Drogheda Committee. 

Dr. Hill mentioned incidentally that it has already 
been decided to increase the B.B.C.’s Arabic pro- 
grammes from four and a half to rather more than 
nine hours a day. There had been some questioning 
in the House of Commons on the reduction of the 
B.B.C. Overseas Services; figures for the reduced 
weekly programmes in 1956 compared with 1950 
were given by Mr. Ian Harvey, for the Secretary of 
State for Foreign Affairs, on February 1; while in a 
further reply on February 8 he estimated that 
revenue expenditure of about £5,700,000 would be 
required in 1956-57 to provide the range of pro- 
grammes broadcast in 1950 in the British Broad- 
casting Corporation’s Overseas and European Ser- 
vices. Two years ago, in replying for the Government 
in a debate on the Drogheda report, Lord Reading 
stated that it was the policy of the Government “‘to 
maintain approximately the existing level of broad- 
casting” ; but the debate in the House of Lords on 
February 6 showed very clearly that this level has 
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not been maintained and that the position is now 
worse than in 1954. 

Lord Gosforth, in replying for the Government to 
the debate on February 6, suggested that 1953, the 
year of the Drogheda Report, is a reasonable starting 
point for considering the peace-time level and claimed 
that, so far as weekly hours broadcast are concerned, 
there has been little change since 1953. The European 
services have risen from 223 to 242 hours, while the 
Overseas services have been reduced from 316} hours 
to 315} hours with little change in the pattern of 
the services. Lord Gosforth said, reasonably enough, 
that the question is whether the overall pattern now 
corresponds adequately with changes in the world 
political situation since 1953; and the extension of 
the Arabic services to at least nine hours a day and 
the provision on a permanent basis of relay facilities 
for the Arabic service of the B.B.C. by using trans- 
mitters at Sharq el Adra, to which Lord Gosforth 
referred, are clearly intended to modify the pattern 
in advance of Dr. Hill’s review. Lord Gosforth also 
stated that Dr. Hill will consider urgently the ter- 
mination of the seven Western European language 
services, @ recommendation of the Drogheda Com- 
mittee on which the Government has hitherto taken 
no decision in view of representations made by 
Parliament and by the British Broadcasting Cor- 
poration. 

Lord Gosforth claimed that the recommendations 
of the Drogheda Committee would have involved 
additional continuing revenue of more than half a 
million pounds a year and a capital sum of nearly 
£5 million over ten years; but, he said, these 
estimates did not take into account costs which are 
rising at the rate of between £250,000 and £300,000 
@ year, and this factor more than absorbs the 
additional monies provided for information services. 
Last year, of the additional £1-4 million made avail- 
able for information services, more than £400,000 
went to meet the rising costs of the British Broad- 
casting Corporation. Lord Gosforth agreed as to the 
permanent importance of winning over men’s minds, 
and he repeated that the object of Dr. Hill’s review 
is to enable broadcasting to make its full contribution 
to Britain’s information services and to a full 
understanding abroad of the British point of view. 

Lord Gosforth’s reply on this debate gives reason- 
able assurance that the Government is determined to 
maintain the objective of the Corporation’s broad- 
casting programmes, and that there is no intention 
of interfering with the independence of either the 
Corporation or the British Council. It was reasonable 
that, while assuring the House that the inquiry is 
being carried out with all speed, he should decline to 
answer at the moment the question whether sufficient 
money is available to make full use of such resources 
as we have. Nevertheless, it could well be felt that 
that sum is Inadequate without suggesting that the 
existing shape or volume of all services should be 
unaltered, and this did not appear to be recognized 
sufficiently in the debate. The British Broadcasting 
Corporation will not lose its high reputation for 
objective and honest news reporting which is such a 
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priceless asset if changes are made in the extent of 
particular services to meet changing needs. Such 
changes should be made from strength. But it seems 
open to doubt whether the Government recognizes 
the vital importance of information work in public 
policy, or the comparative insignificance of the sums 
involved in terms of what is at stake. Considered in 
terms of defence, as Lord Strang remarked, British 
expenditure on the external services is at present 
running at about one-third of one per cent of the 
defence budget; and he quite pertinently asked 
whether it is really suggested that we cannot afford 
to spend £6 million or so on services so essential to 
the functioning of the North Atlantic Treaty Organ- 
ization, Western European Union and the Council of 
Europe, or the European Free Trade Area. 

Lord Strang was not the only one who attempted 
to put the whole question in the wider perspective in 
which it should now be viewed; but the debate in 
the House of Lords suffered from the general failure 
to consider the external services of the British Broad- 
casting Corporation sufficiently in relation to what is 
being done by other bodies or in relation to informa- 
tion services generally. Even the possibilities—and 
dangers—of television received little more than a 
glance, and the increasing extent to which Britain 
must rely on its information services to make its 
voice heard and its policy understood in the changed 
situation which radical alterations in defence policy 
may involve in the next few years was virtually 
ignored. 

This is not to suggest that information services are 
a substitute for policy or for military, economic or 
financial strength. If, however, as the Drogheda 
Report emphasized, information services are to-day 
@ normal apparatus of diplomacy for a Great Power, 
such services, when wisely directed, adequate in 
scale, of a quality and reliability that attract atten- 
tion and inspire confidence, can well on occasion 
make all the difference between the success or failure 
of policy, and the effectiveness of military or economic 
effort. Moreover, they must not only be adequate in 
scale and quality ; they must be continuous. There 
is @ minimum below which they must not be allowed 
to fall if opportunities are not to be lost irretrievably, 
and Lord Drogheda’s brief intervention in the debate 
to stress the vital importance of forming and adhering 
to a long-term plan deserved more attention than it 
received. In the modern world, it is as essential for 
information services to be taken out of party politics 
as for the Armed Services to be outside that arena. 
Lord Drogheda’s suggestion is not utopian. It is 
mere prudence that the scale of British information 
services should be decided by all-party agreement, so 
that continuity can be assured over a long term of 
years. Changes could then be made from strength 
and not from hysteria. 

The opportunity for something like this could well 
arise when the Government decides how to present 
to Parliament the findings of Dr. Hill’s survey and 
the decisions it has reached. Clearly the setting will 
be much wider than that of the recent debate in the 
House of Lords ; and in the meantime every advantage 
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should be taken to press home on public opinion, as 
well as on the Government and on Parliament, the 
value of such an approach and the contribution which 
information services of high quality, when wisely 
used, can make to the national welfare and strength. 
[t is essential to remove misunderstandings and to 
overcome the prejudices which in some quarters still 
hinder the full use of both external and internal 
information services by the Government. The two 
are sometimes complementary and the scientist as 
such is closely concerned in both. Such developments 
as automation, nuclear energy and particularly the 
full exploitation in other areas of the technique and 
knowledge which Britain can offer the world in this 
new field, can only be realized to the full if the public 
information services are adequate and efficient. As 
regards defence, when the shape of our new forces 
has been decided in agreement with our partners in 
the North Atlantic Treaty Organization, a large con- 
tribution from information services, both in Britain 
itself and in the other countries affected, will be 
required both to prevent misunderstandings or even 
misrepresentation, and to secure the co-operation and 
the acceptance of the changes and sacrifices involved. 


THE HISTORY OF REPTILES 


Osteology of the Reptiles 

By Prof. Alfred Sherwood Romer. Pp. xxi+772. 
(Chicago Ill. : University of Chicago Press ; London : 
Cambridge University Press, 1956.) 150s. net. 


HE group of reptiles is of special interest because 

it lies, in a systematic sense, between the 
amphibians, the first land-living tetrapods, and the 
mammals and birds. Thus fossil reptiles have been 
the subjects of very many scientific papers, and the 
recent reptiles of far more. 

Unlike mammals, whose teeth are usually extremely 
characteristic, so that from them most fossil forms 
can safely be determined, reptiles have teeth which 
are usually quite without recognizable characters. 
Thus it is reptile bones which have to be considered 
by paleontologists. Cuvier recognized this need and, 
in 1825 and earlier, published splendid copper plate 
engravings of bones of modern reptiles. No such 
wide series appeared again until, after the death of 
5. W. Williston in 1918, his “Osteology of Reptiles” 
was published in 1925, arranged by W. K. Gregory. 
This book was most useful, and thus went out of 
print some twenty years ago. 

Now Prof. A. 8. Romer of Harvard has come to 
the rescue with a magnificent volume nearly three 
times the bulk of the original, which brings together 
an account of the osteology of reptiles with a detailed 
classification of the group, discussing the qualities on 
which it is based, and the probable nature of the 
ancestral histories of the major groups. 

An introductory section of 45 pages gives an 
admirably clear account of what is known about the 
musculature of recent reptiles, of their nervous 
system, sense organs, and of the cranial vascular 
systems; that is, of those ‘soft parts’ which directly 
influence the shapes of bones. ‘Then the skeleton is 
taken systematically. The skull, as it is found in the 
primitive Seymouria, is described and illustrated by 
a series of new figures. From this the story goes on, 
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the general structure, including the embryonic 
development, being described, and then that of each 
reptile group in turn being figured, described and 
discussed. ‘Che section covering the skull occupies 
about 150 pages, and is illustrated by some seventy 
text figures, each including four or more individual 
drawings, all admirably clear and precise. So the book 
continues: the lower jaw, the vertebral column, 
limbs and limb girdles, the dermal armour, are each 
in turn described, discussed and illustrated by 
excellent new drawings. 

That 462 pages so made should actually be readable 
is remarkable ; it is indeed an extraordinary testimony 
to the precision and clarity of statement which have 
made Prof. Romer’s text-books so very widely used. 

Then begins the second part, on the classification 
and range of reptiles. This opens with a short 
history of reptilian classification from Owen onward, 
and then proceeds to give a complete new classifica- 
tion of reptiles still living and fossil, which refers not 
only to all valid genera, but lists also invalid synonyms 
often used in morphological descriptions. This section 
is not a mere list of names; it gives for each family 
or higher group a condensed but admirably clear 
account of the skeleton and discusses the systematic 
position, derivation and special interest of each. 
Each group of higher rank is discussed so that its 
characteristic qualities are made evident and its 
origin and fate considered. 

The classification of reptiles is discussed in a 
special section, and eventually all the sixteen orders, 
excluding the Cotylosauria, are divided into two 
groups, the Sauropsid and Theropsid orders. This 
grouping, based largely on the fenestral pattern 
of the temporal region, seems to me to fail to do 
justice to many more deep-seated qualities. But this 
is @ very minor point ; the ‘“Osteology of Reptiles” 
is a book necessary to all those who work on the 
group, for which they are very deeply indebted to its 
author. D. M. 8. Watson 


POLYETHYLENE 


Polyethylene 

By R. A. V. Raff and J. B. Allison. (High Polymers : 
a Series of Monographs on the Chemistry, Physics 
and Technology of High Polymeric Substances, 
Vol. 11.) Pp. xii+551. (New York: Interscience 
Publishers, Inc.; London: Interscience Publishers, 
Ltd., 1956.) 16 dollars. 


T is perhaps not surprising that a material of such 
scientific interest and technical and commercial 
importance as polyethylene should, twenty-three 
years after its discovery and seventeen years after its 
first commercial production, have an extensive litera- 
ture ; this is illustrated by the inclusion in this book of 
more than 1,100 references to papers and patents and 
by an author index containing more than a thousand 
names. The literature is still expanding rapidly and 
one can well understand that the authors contem- 
plated postponing the writing of this book, the first 
to deal solely with polyethylene, but as they have 
been able to include references to publications as 
recent as April 1956 they should not fear that their 
book will rapidly become outdated. In a statistical 
appendix a list is given of some thirty manufacturers 
of polyethylene, and it is shown that production in 
the United States alone has risen from less than 
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1,000 tons in 1943 to nearly 200,000 tons in 1955. 
At this time, therefore, a book on polyethylene will 
be welcomed by many directly concerned with its 
production or use. Much of the literature on poly- 
ethylene and hence much of the contents of Raff 
and Allison’s book is essentially technological in 
nature, but this book should nevertheless be of 
interest to all concerned with the science of high 
polymers whether in university or industry. Much 
early interest in polyethylene arose from the idea 
that it was one of the simplest of all polymers, a 
simple chain of methylene groups, and that many 
other polymers could be regarded as substituted 
polyethylenes. At a time when the thermodynamic 
study of high polymers, based on the conception of 
the randomly coiled polymer chain, was being devel- 
oped, it was not surprising that the chain of methylene 
groups with the sterically unhindered carbon—carbon 
link appeared to be the perfect, simple example for 
experimental confirmation of theory. This over- 
simplified conception soon had to be abandoned and 
much of the more recent work on polyethylene had 
to take account of the presence of both short and 
long side-chains and the effect of these deviations 
from linearity on crystallization, mechanical proper- 
ties and flow behaviour. Indeed, many of the useful 
technological properties of polyethylene arise to a 
large extent from the departure from the simple 
polymethylene structure. These deviations from 
simplicity have increased rather than reduced the 
scientific interest of polyethylene, and theoretical 
treatments of thermodynamics and related subjects 
such as solubility and crystallization and, to a lesser 
extent, flow in the liquid state and deformation and 
fracture in the solid are now taking account of the 
deviations from linearity of the molecule with some 
success. 

This book has covered the literature on polyethy!- 
ene very thoroughly, and so far as the reviewer can 
judge, the necessarily brief accounts of the publica- 
tions are accurate. It will normally be necessary, 
however, for all users of the book to refer to the 
original papers since, as is perhaps inevitable in work 
of this type, the reporting is almost entirely non- 
critical, As an example, a number of conflicting 
equations relating the viscosity of polyethylene 
solutions to the molecular weight are given at various 
points in the book and no attempt is made to indicate 
which is likely to be the most accurate and reliable. 
The authors, in their preface, admit the inevitability 
of inconsistencies of this nature. 

An intrcductory historical chapter includes a brief 
mention of methods of making paraffins of high 
molecular weight other than that from ethylene, an 
account of the discovery and early development of 
polyethylene of high molecular weight by polymeriza- 
tion of ethylene under high pressure and a review of 
the more recent low-pressure methods. An unusual 
feature of this section is the reproduction in full of 
the basic patent relating to the polymerization of 
ethylene under high pressure. A chapter on ethylene 
includes extensive thermodynamic data. ‘The chapter 
on polymerization of ethylene, although extensive, is 
in some ways the most unsatisfactory part of the 
book, not through any fault of the authors but 
because little has been published on polymerization 
of ethylene except in the form of patents. A chapter 
on modified polyethylenes such as ethylene copoly- 
mers, chlorinated polyethylene and polyethylene 
modified by irradiation by gamma rays is followed 
by chapters on molecular structure and properties. 
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The book is completed by chapters on analysis and 
testing, on processing and handling and on uses and 
applications. The chapters on molecular structure 
and properties, covering together some two hundred 
pages, will be of much wider interest than the 
remainder of the book. R. B. RicHarps 
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TECHNOLOGY OF HIGH 
PRESSURE 


High Pressure Technology 
By Prof. Edward W. Comings. (McGraw-Hill Series 


in Chemical Engineering.) Pp. xi+572. (London: 
McGraw-Hill Publishing Company, Ltd., 1956.) 
86s. 6d. 

MONG the great advances of the chemical 


industry during the past fifty years, the intro- 
duction of large-scale processes operating at high 
pressures has been most notable. This branch of 
technology is now so well established that a new 
account of the influence of pressure on physical and 
chemical systems and of the design of high-pressure 
equipment is very welcome. 

Prof. E. W. Comings has performed a valuable 
service in providing chemical engineering students 
with a broad survey of high-pressure technology. 
This survey falls naturally into three sections, the 
first of which forms an introduction to the subject. 
After the author has outlined the reasons for using 
high pressure in the chemical industry, R. N. Shreve 
gives an extensive list of reactions which are favour- 
ably influenced by pressure, and H. C. Van Ness 
deals with the principles underlying the selection and 
treatment of alloy steels for use in high-pressure 
equipment. The chemical reactions are conveniently 
arranged under a unit process classification and ten 
of the more important are illustrated by detailed 
flow sheets. Unfortunately, the inclusion of numerous 
reactions which take place at pressures below about 
ten atmospheres has meant that detailed information 
essential for the successful operation of some of the 
reactions has had to be omitted. The large number 
of alloy steels now available makes the choice of 
material for the construction of high-pressure equip- 
ment very difficult, and, although H. C. Van Neas 
has provided the student with a sound basis on which 
to exercise his judgment, more information on the 
corrosion problems peculiar to high-pressure systems 
would have been very helpful. 

The second section of the book is devoted to the 
design, safe operation and maintenance of high-pres- 
sure equipment and the experimental techniques used 
for making physical measurements on compressed 
systems. Since the requirements of research and 
industrial processes are so diverse, the author has 
had to exercise careful judgment in selecting suitable 
examples to demonstrate the salient features of 
various high-pressure techniques. The material 
chosen is well illustrated by photographs and line 
drawings, and postgraduate students about to enter 
the field of high-pressure research will find this 
section of the book an excellent introduction to the 
subject and a valuable source of reference. In the 
case of large-scale industrial equipment, the reader 
is warned that this aspect of design is not treated in 
the same detail as is laboratory apparatus. 

The thermodynamic and transport properties of 
fluids under pressure and the effect of chemical 























id 
d 














No. 4561 March 30, 1957 


equilibria and reaction kinetics on the design of both 
homogeneous and heterogeneous reactors form the 
basis of the last section of the book. An extensive 
discussion of ammonia synthesis plant illustrates the 
various factors which determine the rate of reaction 
in a large-scale continuous catalytic reactor. Several 
appendixes supply data for design, and a glossary 
of unusual words, very few of which are peculiar to 
high-pressure technology, is included. 

Prof. Comings’s book supplements and extends 
the two well-known standard text-books by D. M. 
Newitt and H. Tongue. Although it will prove very 
useful to both postgraduate research workers and 
practising engineers, its chief value lies in providing 
chemical engineering students with a comprehensive 
systematic account of high-pressure technology. 

K. E. Brett 





PLANT GROWTH SUBSTANCES 


The Chemistry and Mode of Action of Plant 
Growth Substances 

Edited by R. L. Wain and F. Wightman. (Proceed- 

ings of a Symposium held at Wye College (University 

of London), July 1955.) Pp. xi+312. (London: 

Butterworths Scientific Publications; New York: 

Academic Press, Inc., 1956.) 55s. 


HIS volume is a collection of the full texts of 

papers contributed at the third International 
Conference on Plant Growth Substances held at Wye 
College, University of London, during July 17-22, 
1955. The scope of the Conference was limited to the 
broad chemical and biochemical aspects with only 
incidental reference to the biology and physiology of 
plant growth substances. 

The application of paper partition chromatography 
to the study of naturally occurring growth substances 
had brought new life into the subject. One whole 
session was devoted to this topic. New techniques 
are described giving the analytical advantages of this 
method coupled with a sensitivity equalling that of 
the Avena curvature test. Much new light is thrown 
on the metabolism of indole compounds in plant tissue. 

The highest proportion of papers is concerned with 
the relations between chemical structure and biological 
activity in auxins. Two rival theories are involved. 
One proposes a direct chemical combination of specific 
active points in the molecule with receptor sites in the 
protoplasm. ‘The other is based on physiochemical 
actions depending on stereochemical relationships 
of the molecule. The full implications of these and 
other theories are fully discussed against a back- 
ground of new synthetic compounds. An unexpected 
development in this field is the announcement that a 
new class of compounds, not possessing the unsatur- 
ated ring, once thought to be an essential for auxin 
activity, are active as auxins. They are the carboxy- 
methyl-N : N-dialkyl-dithiocarbamates. New de- 
velopments in the field of anti-auxins are also fully 
discussed. 

The nature of some of the growth substances present 
in the nutritive tissues (endosperm) of seeds, particu- 
larly in the coconut, is also announced. One, which 
stimulates cell division, is 1 : 3-diphenylurea. Another 
belongs to the group of leuco-anthocyanins. Bio- 
chemical studies have thrown light on the mode of 
action of auxins. Experimental data from both 
Britain and the United States point strongly to the 
cell wall as the site of auxin action, there being indica- 


NATURE 645 


tions of its participation in pectin metabolism. One 
gratifying characteristic of this conference was the 
spirit and vigour of its evening discussions. One of 
these, on the value and interpretation of the analysis 
of auxin-induced growth in terms of enzyme kinetics, 
is reported, but merely as a bald statement of the two 
opposing points of view. 

This is not a text-book, or even a symposium volume 
in the true sense of the word. Since much of the 
data have appeared, or will be appearing, in botanical 
or chemical journals, the value of such a publication 
is left in some doubt. There are many who hold that 
the proceedings of small specialized conferences 
should not be published. The great advantage of 
such meetings is that it allows scientists to ‘stick out 
their necks’. The prospect of appearing in print is 
likely to inhibit this completely. The book is never- 
theless an excellent technical production, and will 
doubtless be of great interest to all workers in the 
auxin field. L. J. Aupus 


COLOUR TELEVISION 


Principles of Color Television 

By the Hazeltine Laboratories Staff. Compiled and 
Edited by Knox McIlwain and Dr. Charles E. Dean. 
Pp. xvi+595. (New York: John Wiley and Sons, 
Ine.; London: Chapman and Hall, Ltd., 1956.) 
104s. net. 


N 1953 the Federal Communications Commission 
decided that the colour television system to be 
used in the United States should conform to recom- 
mendations of the National Television System 
Committee, a body of scientists and engineers 
representing broadcasting and manufacturing inter- 
ests. One of the organizations contributing to the 
work of the Committee was the Hazeltine Electronics 
Corporation, from the laboratories of which many re- 
ports dealing with the subject of colour television have 
been issued. A series of such reports concerned with 
the principles and practice of the National Television 
System Committee colour system has appeared over 
the past four years and the complete set has recently 
been edited and presented as the book under review. 
The reader is informed that this book is a co-opera- 
tive effort by twelve members of the laboratories’ 
staff, a fact that may be deduced from some variations 
in the standard of exposition; nevertheless, the 
overall assessment must be very favourable. The 
text is divided into eighteen chapters each dealing 
with either a fundamental or practical aspect of the 
subject, and in spite of both the multiple authorship 
and the fact that each chapter is based upon one of 
the original reports, the book as a whole is easy to 
read. Each chapter is rounded off by a liberal list 
of references to the many contributors whose efforts 
made the working of the National Television System 
Committee a very noteworthy mutual effort among 
members of an industry notorious for keenness of 
competition. Throughout the book the diagrams are 
both excellently presented and highly informative, 
demonstrating once again the truth of that old adage, 
“one good diagram is worth a host of words”. The 
part of the text referring to each illustration appears 
on the same page and where necessary the editor - 
has not hesitated to repeat a diagram rather than 
irritate the reader by asking him to refer back. 
The first two chapters review those fundamental 
properties of light relevant to colour television, out- 
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line the various measurements and units involved 
and introduce the basic concepts of colorimetry : the 
properties of the human eye in terms of adaptation 
and colour matching are described here. Chapters 3 
and 4 comprise a fairly detailed discussion of all the 
colorimetry necessary, so presented as to be easily 
digested by a newcomer to the subject, leading to a 
further chapter which illustrates the application of 
colorimetry to a television system. 

In Chapters 6, 7 and 8 considerations concerning 
the properties of various systems of colour television 
are outlined in terms of such factors as required 
bandwidth and compatibility, and by way of a 
further description of the characteristics of the 
human eye, various arguments lead logically to the 
use of a luminance signal together with two band- 
shared chrominance signals having different band- 
widths. Chapter 8 is concluded by consideration of 
reasons for adopting a subcarrier frequency related 
to half the line-scanning frequency of the system by 
an odd integer: both the customary explanations 
are given, the first based upon the interleaving of 
frequency components and the second describing the 
low visibility dot-pattern produced at the screen of 
@ display tube. 

Chapters 9, 10 and 11 are concerned with many 
of the communication aspects of the system. The 
chief principles of signal coding are developed and a 
discussion of the constant luminance principle 
indicates some of the weaknesses of the system used 
at present. Synchronization of the receiver sub- 
carrier-oscillator is treated and attention is directed 
to the properties of the two-mode system developed 
by Richman (one of the authors). 

Chapter 11 deals with the theoretical and practical 
aspects of gamma correction and reveals that system 
performance could be improved at the expense of a 
more complicated receiver. The description and 
explanation of the colour television standards given 
in Chapter 12 are of great value and worthy of 
special commendation. 

Chapter 13 is the first of a series dealing with the 
practical embodiment of the ideas previously formu- 
lated, in which very complete information is given 
concerning the techniques which may be adopted in 
designing coding equipment ; such description inevit- 
ably involves some repetition of subject-matter, but 
this seems well worth while. Chapters 14-16 are 
concerned with the design problems of colour receivers; 
the treatment is very thorough and reviews most of 
the latest techniques as developed in various indus- 
trial laboratories. In spite of the fact that, at present, 
the great majority of colour receivers incorporate the 
three-gun shadow-mask display tube, the book not 
only gives very useful information on the design of 
such receivers but also devotes a whole chapter (16) to 
the many proposals which have appeared recently 
based upon the various forms of the single-gun 
display tube. Such information will be invaluable to 
the designer should the development of these tubes 
prove fruitful. 

Chapter 17 outlines various measuring techniques 
recommended for the testing of both transmitting 
and receiving equipment. The final chapter is 
entitled ‘‘Glossary of Television Terms” and contains 
_ @ very full list of definitions covering all subjects 
relevant to colour television. Some of the terms are 
not, as yet, accepted as standard but in such cases 
the reader is referred to the authority responsible for 
prior usage. Of the three appendixes the third is 
interesting in reproducing the formal text of the 
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Federal Communications Commission order governing 
colour television in the United States. 

This book should be of great value to professional 
television engineers engaged in research and develop- 
ment, in equipment design or in broadcasting. It 
forms an excellent conversion course for those, 
already experienced in the monochrome field, who 
wish to extend their knowledge to colour television. 
Of the several books published recently covering the 
same general ground this is certainly one of the best. 

A. V. Lorp 
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THE LAPLACE TRANSFORM 


Handbuch der Laplace-Transformation 

Von Prof. Gustav Doetsch. Band 2: Anwendungen 
der Laplace-Transformation. 1 Abteilung. (Lehr- 
biicher und Monographien aus dem Gebiete der 
Exakten Wissenschaften. Mathematische Reihe, 
Band 15.) Pp. 436. (Basel und Stuttgart: Birk- 
hauser Verlag, 1955.) 56.15 Swiss francs; 56.15 D. 
marks. 


HE second and third volumes of Doetsch’s com- 

prehensive treatise on the Laplace transform will 
deal with applications of the method to those branches 
of mathematics, pure or applied, in which the Laplace 
transform has proved its worth. Briefly, Vol. 2 
describes asymptotic series, convergent expansions, 
and ordinary differential equations, leaving for Vol. 3 
partial differential equations, difference equations, 
integral equations and related topics. 

Heaviside would have rejoiced at the prominence 
given to asymptotic expansions, taking up almost 
half the second volume, though the careful, even 
pedantic, mathematical precision might have irked 
him. Although the reader is expected to have a 
reasonably mature knowledge of mathematical 
analysis, the concept of an asymptotic expansion is 
built up slowly from the very beginnings. The way 
is thus carefully prepared for the main problem: 
suppose that 9(z) has a Laplace transform ®(s); if 
we know the asymptotic behaviour of 9(z) near a 
singularity at Z), what can we say about the asymp- 
totic behaviour of @(s) near the corresponding point 
89 ? We may also consider the Mellin transform, and 
the inverses of these transforms. General results are 
derived in full, and illustrated by many special cases : 
Stirling series, Bessel functions, Fresnel integrals, 
theta functions. The discussion of the Tauberian 
aspect of the problem is illustrated by a proof of the 
prime number theorem on Wiener’s lines. 

The*short section on convergent expansions deals 
pleasantly with faculty series and expansions in 
series of special orthogonal functions. This section 
is more formal in character, but the rapid derivation 
of so many familiar and elegant formulz is satis- 
fying. Finally, a larger section discusses ordinary 
linear differential equations. The use of the Laplace 
transform in the constant coefficient equation is now 
almost a triviality, but there is still much to be done 
in more general situations, and Doetsch provides a 
very solid foundation for further work. 

If at times the treatment is so patiently elaborated 
that it is in danger of swamping the reader’s enthu- 
siasm, this is possibly inevitable in a work which sets 
out to be, and succeeds in being, a complete exposition 
of a very extensive and important mathematical 
discipline. T. A. A. BRoapBENT 
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Die Bakterienzelle 
Ein Uberblick iiber der gegenwirtigen Stand unseres 
Wissens. Von Prof. Annelise Winkler. Pp. vi+ 
124+10 plates. (Stuttgart: Gustav Fischer Verlag, 
1956.) 11.50 D.M. 
rT HIS excellent book offers both student and 
specialist a survey of the present state of know- 
ledge in the field of the cytology of bacteria, or the 
anatomy of bacterial cells. Although the treatment 
is generally objective, the reader also benefits from 
the valuable comments of the writer. 

The topics dealt with include recent studies and 
theories on the chemical structure of the cell-wall ; 
on the pH-dependent reactions of the bacterial cap- 
sule with some proteins to give improved visibility, 
and some speculations and evidence on the move- 
ment and evolution of flagella. A chapter on the 
visualization and study of nucleoids points out the 
importance of staining techniques and their influence 
on observed structure. To date, little success has 
been obtained in investigations of the nucleoids in 
the living cell. The nucleoids of bacterial cells cannot 
be considered as analogous to the nuclei of cells of 
higher forms of life, for the former contain only 
deoxyribonucleic acid, the ribonucleic acid remaiming 
in the cytoplasm. Also, there is as yet little evidence 
that the nucleoids undergo mitosis or fusion. 

Prof. Annelise Winkler gives a clear account of the 
L-phase of bacteria, distinguishing clearly between 
this phase and the occurrence of abnormal bacterial 
forms which result from growth under the influence 
of some external stimulant. She points out that an 
L-phase should be characterized by the ability to 
breed true on media not containing penicillin or 
other L-form-inducing substances. The development 
and morphological characteristics of this phase are 
described. 

The final chapter of the book gives valuable advice 
on research methods. 

The book can be thoroughly recommended for its 
readability, critical treatment of the material used, 
wide range of literature surveyed and finally for the 
valuable critical observations of the author. 

E. KiLIENEBERGER-NOBEL 


Shrubs and Trees for Australian Gardens 
By Ernest E. Lord. Third edition, completely 
revised. Pp. xxv+443+123 plates. (Melbourne: 
Lothian Publishing Co. Pty., Ltd., 1956.) 135s. 
HIS is the third edition of Mr. Lord’s well-known 
handbook. It contains annotated lists of trees 
and shrubs suitable for gardens in Australia. The 
lists are classified into Australian trees (with special 
chapters on Acacia and Eucalyptus), non-Australian 
trees (including some from New Zealand), Australian 
shrubs, and non-Australian shrubs (with a chapter 
on Erica). There are chapters also on the planting 
and management of trees and shrubs, on plants for 
the arid conditions of inland Australia, and on land- 
scape gardening. The notes to the species are useful, 
though composed in the style of the descriptions in a 
seedsman’s catalogue. The text needs to be read 
with forbearance, for it is not well written and it is 
sometimes wrong (as, for example, where it states 
that eucalypts are found nowhere else in the world 
but in Australia) ; but the photographs are beautiful 
and there is a charming introductory essay by Prof. 
J. S. Turner, about sap and how it rises. The 
ridiculously high price is a reproach to the Australian 
publishing trade. Eric ASHBY 
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Metallurgical Analysis by Means of the Spekker 
Photoelectric Absorptiometer 

By Dr. F. W. Haywood and A. A. R. Wood. Second 

edition. Pp. viii+292. (London: Hilger and Watts, 

Ltd., 1957.) 40s. net. 


HE present edition of this work is a consolidation 

and expansion of its earlier edition, incorporating 
new and modified methods of absorptiometric determ- 
ination of elements commonly met in metallurgical 
analysis, and working details of the recent H570 
Hilger and Watts’ ‘Spekker’ and its accessories. 
While the first edition has been a valuable guide to 
absorptiometric analysts over the past thirteen years, 
it is now inadequate and the new edition should 
successfully replace it. Much of the experience of the 
authors over the past few years has been introduced 
into the book, and the vast literature on absorp- 
tiometry receives due recognition in a new biblio- 
graphic section containing a large number of 
representative references each with a short abstract. 
Similarly, a list of British Chemical Standards samples 
and their analytical data are given in an appendix. 
Overall, the book has been expanded to approximately 
three times its original length and now includes 
methods for the determination, with alternatives, of 
twenty-one elements grouped under classes of alloys 
in which they may appear. Many of the ambiguities 
of the previous edition have been eliminated, and with 
its greater maturity this edition should more than fill 
the role of its predecessor. D. A. Pantony 


The Airglow and the Aurorae 

A Symposium held at Belfast in September 1955. 
Edited by E. B. Armstrong and A. Dalgarno. (Vol. 5 
of Special Supplements to the Journal of Atmospheric 
and Terrestrial Physics.) Pp. ix+420. (London and 
New York: Pergamon Press, Ltd., 1956.) 150s. 
net ; 22.50 dollars. 


HE layout, printing and binding of this volume 

are a credit to its editors and publishers. It 
contains fifty-four contributions, of which six are in 
French and the rest in English. There is no mention 
of the discussions that formed part of the Sym- 
posium. The introductory paper, a stimulating 
review by 8S. Chapman, who presided at the two-day 
Symposium, devotes six of its seven pages to aurora. 
But in the rest of the volume the emphasis is very 
much on the airglow. Of the twenty-four papers 
which are greater than six pages in length, eight 
report observations of airglow and one observation 
of aurora, and six deal with instruments for observa- 
tion of airglow or with the theories on which airglow 
observations are based, but only two with instru- 
mental auroral observations. The remaining seven 
papers of this twenty-four consist of theoretical and 
laboratory studies, which are divisible fairly equally 
between airglow and aurora. 

Of particular interest are nine contributions from 
the U.S.S.R. (in fairly clear English), involving eight 
authors (assuming A. J. and A. I. Lebedi to be 
the same person). These are all short notes but they 
do give an insight into the work being done by 
Krassovsky and his colleagues at the Geophysical 
Institute in Moscow (mainly on airglow), and by 
Lebedinsky, of the University of Moscow (on aurora). 
A preliminary announcement forecast the cost as 
ten guineas; this has, in fact, been reduced 
by £3, but the cost is still rather high in relation to 
the size of the book. B. McINNES 
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EIGHTEENTH CENTURIES* 
By R. A. WEALE 


Ophthalmological Research Unit, Medical Research Council, Institute of Ophthalmology, 
London, W.C.|I 


YEAR or two ago Walls! showed that we can 

no longer give Thomas Young the credit for 
originating the trichromatic theory of colour de- 
ficiency. Seidl? has recently suggested that the 
trichromatic theory of colour vision also antedates 
Young’s work by forty or fifty years. Exactly 150 
years have elapsed since Young’s final formulation of 
his ideas*; hence it may be apposite to discuss the 
origins of trichromacy in general and to reappraise 
his contribution to the subject. 

The elusive prey of Walls’s exciting historical 
research was one Palmer or Giros von Gentilly or 
Girod de Chantilly or, according to Walls, “just 
possibly” Amury Girod. Second- and third-hand 
references to this polynomial can be found in the 
writings of Helmholtz, Seebeck and Wartmann, and 
Walls’s patient exploration has now located the 
sources of these references. The first is a paper of 
Palmer’s entitled ““A Theory of Colour and Vision’, 
and published in London in 1777. The second is an 
abstract of what must be a private communication 
of Palmer’s, which was published in 1781 in the 
newly founded Magazin fiir das Neweste aus der 
Physik und. Naturgeschichte, edited by Lichtenberg ; 
and the third is a French pamphlet, published under 
Palmer’s name in 1786. 

The British Museum possesses only a French 
translation of the 1777 paper. In this treatise, there 
is no mention of colour defects but a great deal on 
colour vision. The paper is presented in the form 
of a dialogue between Palmer and one Johnson ; 
according to an American authority, the replies he 
offers to Palmer’s arguments are characteristic of 
Dr. Samuel Johnson himself, introduced, as Walls 
believes, to lend the work prestige. 

Palmer begins with a number of principles, the 
first of which states simply that light is colourless, a 
statement which we could readily accept if the word 
‘light’ were replaced by ‘radiation’ or ‘ether’ or some 
other word, non-sensory in its implications. The 
second principle says that each ray of light is made 
up only of three others, of which one is analogous to 
yellow, one to red, and one to blue. Thirdly, these 
rays are in different proportions, which are preserved 
no matter how the principal ray is weakened or 
intensified (although Palmer was a good visual 
physiologist, his ideas of absorption were rather 
poor). Fourthly, coloured substances absorb rays 
analogous to the colours which they offer us and are 
not perceived by the other rays which they reflect. 
Then follow some words on the production of black 
and white. 

The next part deals with the retina. Its surface is 
said to consist of an infinite number of nervous 
molecules, of three different types, and each of them 
can be moved by its analogous ray. Complete and 
uniform movement of these molecules produces the 
sensation of white; this movement is very fatiguing 
for the eye, and, if too strong, can injure and even 


* Substance of a talk given to the Colour Group of the Physical 
Society on February 20. 





destroy its organization. A little further on, Palmer 
states that the movement of these molecules by rays, 
decomposed either by coloured surfaces or prismatic 
refractions, produces sensations of colour. 

This is interesting enough, but although it ante- 
dates Young by some twenty-five years it still is not 
original. Johnson comments: “Your first three 
principies [about light consisting of three components | 
are similar to those due to many other people, as is 
the major part of your theory of vision’. Palmer 
replies: ‘‘I do not pretend to be going against every- 
thing that has been said on this subject before ; but 
only wish to produce a system in agreement with 
experimental facts .. .’. Johnson’s opposition 
collapses : ‘Admittedly your later principles [dealing 
with black-and-white and also with the possibility 
of rays stimulating ‘non-analogous’ molecules] are 
diametrically opposed to accepted ideas and I am 
impatient to see how you prove their validity’’. 

We need not concern ourselves much with the 
subsequent experiments except to say that Palmer 
neatly demonstrates trichromatic colour mixture by 
grinding and mixing nine parts of a blue pencil, eight 
of a red one and seven of a yellow one to match grey, 
produces Mariotte’s prism experiment (vide infra) as 
his own, and clearly states that “‘we have never seen 
the primary colours in their absolute purity’’ (ef. 
Helmholtz). 

From a biographical point of view, it may be men- 
tioned that he replies to a eulogy of Johnson’s: “In 
my youth, I could have enthused over the success of 
my experiments .. .”. This statement excludes the 
possibility that Palmer could have been Amury 
Girod, who died sixty years after the publication of 
this paper. 

In the two other articles, one by Voigt, based 
presumably on a private communication and pub- 
lished in 1781, and the other dated 1786, Palmer sets 
out a theory of colour defects which, according to 
Walls, is in substantial agreement with the theory as 
we know it to-day. But he refrains from naming the 
primary mechanisms. 

While checking Walls’s references, I accidentally 
came across a reference to another author who had 
produced a theory of light and colour, none less than 
the notorious French revolutionary, Marat‘. Accord- 
ing to Michelet, the celebrated historian of the French 
revolution, Marat got up one day to address the 
French National Assembly. “I believe,’ he began, 
“that I have some personal enemies in this Assembly.” 
The reply roared back in unison: “Everybody”. 
But Marat, incidentally a doctor of medicine, was 
undismayed. Small wonder, therefore, that, when 
members of the French Royal Academy of Science 
specifically certified that they were not convinced 
that Marat’s experiments on light proved what he 
intended them to show, he cocked a snook at them. 
His idea is that white light is disorganized and 
becomes ‘ordered’ only by edge-effects after passing 
through an aperture (cf. Goethe). He complains that 
most authors mix colours by mechanical means, and 
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shows that three primary lights can be used for 
matching purposes. As he published his paper in 
1780, it is just possible that he may have been 
acquainted with Palmer’s work, published in 1777. 
ut since Newton himself had mixed lights, and 
Marat had translated his ‘‘Opticks’’ into French 
(1787), his complaint is a little difficult to under- 
stand. Again, d’Alembert®, the encyclopzdist, 
deduces from a study of dispersion that there is a 
nearly infinite number of colours, and not three, ‘‘as 
has been supposed by several physicists’ (1764). 

‘These examples show that trichromacy was in the 
air in 1770. Now Palmer seems to have been the 
first to enunciate a trichromatic theory of colour 
deficiency. Is this true also of his trichromatic theory 
of colour vision ? 

Seidl? mentions that the Monthly Review (1759) 
contains an account of Lomonosow’s theory of light 
and colours. This abstract refers to a Latin trans- 
lation® made exactly two hundred years ago of a 
Russian address given by Michael Lomonosow in 
1756, and is worth quoting: “This is an attempt to 
establish a new theory of light and colours. Mr. 
Lomonosow supposes light to consist of a subtle 
matter, agitated by perpetual vibrations and gyra- 
tions, on which latter species of motion depend our 
sensations of colours. He conjectures the particles 
of light to be spherical, and to be of three different 
sizes, 80 adapted to each other that the smallest may 
be included in the interstices of the largest: the 
gyrations of the largest spheres, producing the 
sensations of red, those of the middle size yellow, 
and of the smallest blue. On the whole, the piece is 
ingenuous enough, but being purely hypothetical, we 
shall not trouble our readers with the conclusions our 
academic draws from premises so chimerical’’. 

This obviously invites close attention. Miss Bick’ 
tells us that Lomonosow was @ man of many parts. 
In charge of a department of geography, he also 
owned a factory for producing stained glass. He had 
an ill-controlled temper, knocking one of his colleagues 
into incapacity lasting several days, but escaped the 
wrath of the dignitaries of the Moscow Academy of 
Sciences, who, in those days, deplored any inter- 
vention in people’s private affairs. There are three 
volumes of Lomonosow’s works at the Senate House, 
University of London. Written in Russian, they deal 
with electricity, mechanics, oratory, grammar, and 
also contain Lomonosow’s verse, but nothing on 
colour, The Soviet Embassy, approached in the hope 
that they might procure the loan of the treatise in 
question, replied they could not find a copy in 
London and directed me to the Moscow Academy. 
Fortunately, Dr. K. Tansley noticed in Sotheran’s 
catalogue an entry for the Latin translation. This 
was obtained within the hour and the job of trans- 
lating it into English began on the same evening. 

“Unravelling nature’s secrets, oh listeners,’’ Lomon- 
osow begins, “is a difficult, though nonetheless a 
pleasant, useful and holy task. For indeed the more 
deeply we penetrate to the innermost part of her 
temple, the greater the joy which we shed over our 
spirit : the more fervent the zeal with which we make 
more and more -discoveries, the more numerous the 
benefits which we reap for the comforts of life: the 
more we inquire into the first causes of [Nature’s] 
admirable works, the clearer there is placed before 
our eyes the Maker of all things. .. . The heavens 
proclaim the glory of God. He, said the inspired 
prophet, placed His abode in the Sun, and in the Sun 
He exhibits the splendour of His divinity more 
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brilliantly than in anything else which He exposes 
to our eyes. For He sends the light not only to the 
remotest orbits of His planets, but also beyond them 
through the eternal space of all His immense universe, 
and He sends forth a measureless mass of rays with 
a velocity such as to surpass the wildest speculations 
of Man.” 

If the introduction to the theory of light and 
colour extols the glory of God, the theory itself sings 
the praises of Michael Lomonosow. He had previously 
put forward a theory of heat based on the view that 
the only type of movement which molecules could 
reasonably engage in was gyratory. Now although 
light and heat are not the same thing—the Moon 
produces a lot of light but no heat—molecules must 
behave in the same way whether they are actuated 
by light or heat. The corpuscular theory of light is 
untenable—only consider the howling wind which 
would accompany an analogous streaming movement 
of molecules under the influence of sound waves. 
But a unified theory solves all difficulties. It is 
greatly aided by Lomonosow’s principle of concordant 
and discordant particles. This is basically a question 
of resonance to which the all-or-none law has been 
applied. Ether particles of a given type interact 
with material molecules only if they are mutually 
concordant. ‘“‘By virtue of this do the vital fluids 
because of their motion, as it were, carry to the seat 
of the mind messages of changes which usually occur 
at their extremes, whilst they, of course, agree with 
the particles of external objects. This occurs at one 
point in time because of the close mutual contact of 
the particles in the whole nerve from its apex up to 
the brain. For it also follows from the laws of 
mechanics that a globule similarly disturbed by an 
external force will rotate and many thousands of 
those fellows, situated in uninterrupted rows, will be 
rotated, and if one slows down the others will follow 
and likewise the movement will acquire velocity or 
tardiness.” 

A few further remarks on this type of mechano- 
neuro-physiology are followed by a fanfare: “.. . the 
shortness of time bids us to eschew a more 
lengthy explanation of these matters: the very 
beautiful colours [derived] from electric thunders and 
tempests pouring forth strokes of lightning already 
entice, invite, attract my oration to themselves. 

“T have decided to reduce the whole vast heap of 
the above-mentioned ethereal particles to three types 
of different size, all characteristically spherical. ‘lhe 
particles of the first type are the largest of all and in 
continuous mutual contact in cubie order. As the 
ratio of a cube to a sphere of equal diameter is 
approximately two, there will be as much vacuum 
between the particles as the space they occupy. Into 
the interstices do I place the ethereal particles of the 
second type which, being smaller, enter as it were in 
large numbers into each of the interstices, and, being 
in cubic order, fill by continuous and mutual contact 
only half their volume. . . . In a similar way do | 
place the ethereal particles of the third kind in the 
interstices of those of the second. . . . Furthermore, 
I find no reason—nor am I urged by any necessity— 
to divide [the ether] into smaller particles, nor do 
experimental data compel me to do so. ‘Lhese single 
particles of three types are concordant with single 
ones of like, but discordant with those of unlike type.” 

Lomonosow then proceeds to divide matter 
“according to the... concensus of celebrated 
chemists” into principal and subsidiary or partly 
active and partly passive substances. Salt, sulphur 
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and mercury belong to the former, pure water, air 
and earth to the latter. The three types of spherical 
ethereal particles are concordant with each of the 
principals respectively. Red originates from the first 
type of ethereal particle, yellow from the second, and 
blue from the third. Their concordance with the 
salt, sulphur and mercury respectively found in our 
optic nerves enables us to see these colours when the 
vital gyratory motion is produced. Other colours 
arise from a mixture of these primaries. ‘“‘Gyration 
will freely act in the retina of the eye so that all 
colours will affect vision.” 

It is amusing to note to-day, when colour is used 
in chemical analysis, that two and three hundred 
years ago chemistry was underlying the analysis of 
colour. 

“There is nothing left,’ Lomonosow continues, 
“but that I should produce the arguments which 
support me, and that I should convince you even 
more that my view is not pure figment or of no 
value as a hypothesis, but that it has major force 
and is of uncommon use. 

“First, as regards the question of three colours, 
every man, who is not beset by prejudice, can be 
convineed by innumerable optical experiments, per- 
formed by that illustrious physicist Mariotte... 
[who showed] that there are, in nature, not seven 
primaries, but only three colours.” It had previously 
become clear that Lomonosow had freely borrowed 
from Descartes. On reading this I proceeded to 
consult Mariotte’s “Treatise on the Nature of 
Colours”*. Although he lived (1620-84) a century 
before Lomonosow’s time, the change from the 
Russian to the Frenchman is like that from alchemy 
to modern science. Here is a quotation from his 
introduction: “It is difficult not to confuse that 


which derives from the objects with that which 


derives from our senses. Few men would hesitate to 
say that the Sun is luminous, fire warm, that the 
strings of the lute have a pleasant tone; and while 
these things do not act on us except through some 
movements, the remainder of their appearance stems 
from us and must be attributed entirely to us. This 
truth derives from several experiments. Rub the 
palm of your hand with any material whatsoever : 
you will feel a type of warmth similar to that caused 
by fire when one is near to it: push a finger against 
a@ corner of your eyes during the night, and on the 
opposite side you will see appear a luminous circle. 
If one strikes a wall with one’s head violently one 
sees flashes of lightning and lights ; if one closes one’s 
eyes having looked at the Sun one sees for some time 
thereafter a type of light the brightness of which 
gradually diminishes, and changes successively into 
less lively colours, such as red, green, blue and 
violet. From which it follows that light, heat, and 
the majority of other sensory effects (qualitez 
sensibles) do not really belong to their objects ; but 
that these phenomena are determined by modi- 
fication of our senses, whatever the cause of such 
modifications may be. It follows from the same 
experiments that it is impossible to tell exactly how 
objects make us perceive what we do perceive ; for 
example, why ice makes us feel cold rather than some 
other unpleasant feeling: and the only reason which 
we can give in connexion with similar questions is 
that our sense organs are naturally so disposed with 
respect to the objects as to receive their impressions 
in the manner we receive them’’. [This anticipates 
Miiller’s Law of Specific Responses by more than 
150 years.] 
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“This being so, one clearly sees that it is not easy 
to talk of Colours, that is to say to explain their 
nature and particular causes of their diversity anc 
their changes; and all one can hope to do in this 
very difficult subject is to provide some generu| 
rules and to draw from them consequences whic): 
can be of some use in the arts, and enable us some- 
what to satisfy our natural desire to rationalize 
everything which crosses our path.” 

Mariotte’s treatise consists of two parts. The form:r 
deals with what one might call the geometrical optics 
of spectra, including the theory of the rainbow an:| 
parahelia. The latter gives a rather pedestrian 
account of the occurrence of. various colours i) 
Nature, refers to interference phenomena, and con 
cludes with the description of some entoptic effects. 
Now from where did Mariotte get the idea of tri- 
chromacy ? 

At the beginning of the second part he says that 
there are five principal colours: white, black, red, 
yellow and blue. This statement is later modified : 
black is more opposed to white than are the othe: 
colours because (in surface colours) black results from 
zero or near zero reflexion of light. Again, if one 
assumes that colour is a modification of light we 
must admit neither black nor white to the colour 
gamut as—and this is important—‘‘blackness is the 
absence or feebleness of light, and whiteness due tv 
light being reflected without modification’’. 

Like Marat a hundred years later, Mariotte derived 
his three primaries from an examination of the 
spectrum. He was unfamiliar with the idea of a pure 
spectrum (witness the experiments he described in 
Part 1) and observed that a beam of white light, 
passed through a prism, showed significant changes 
in colour according to the distance between the prism 
and a white screen on which the refracted light was 
received. When the screen was held at a distance ot! 
3 or 4 ‘thumbs’, all was white. At 12 or 15 feet all 
was colour. The only colours visible at a distance 
at which any colour appeared happened to be red, 
yellow and blue. As the screen is moved away from 
the prism the coloured bands broaden. In particular, 
yellow and blue widen to such an extent as to over- 
lap, to form green by mixture, when white is elim- 
inated. I think this account disposes of a view 
widely held, namely, that yellow used to be thought 
@ primary colour only because yellow and _ blue 
pigments mixed produced green. 

Summarizing, therefore, it is evident that the idea 
of three primary colours can be traced to Mariotte. 
I do not believe that, except on more flimsy evidence 
than Mariotte’s, it will have occurred earlier, partly 
because Leonardo said there were four primaries, and 
partly because the seventeenth century is the first in 
which the properties of light received analytical, as 
distinct from descriptive, attention. Then, if Mariotte 
originated trichromacy, Lomonosow speculated about 
three retinal mechanisms, and Palmer gave in the 
eighteenth century as good an account of colour 
deficiency as the nineteenth or twentieth have man- 
aged to produce, what credit is due to Thomas 
Young ? 

In fairness to him, one should emphasize that he 
never claimed priority in matters relating to colour 
vision. In connexion with perihelia he explicitly 
admits that he did not know Mariotte had anticipated 
his own theory along similar lines. But his remarks 
on colour vision and deficiency are presented with 
the air of one who would say, “You know what this 
is all about and the simplest thing to assume is 
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really these three retinal mechanisms. In Dalton’s 
case one of them happens to be inoperative’. If 
Young’s work is extolled, Helmholtz is probably to 
blame. But Young did make one significant contri- 
bution. In his Bakerian Lecture® he calls red, yellow 
and blue the principal colours. Yet in Lecture 37 
“On Physical Optics’, they are changed to red, 
green and violet*. No reason for this change is 
mentioned, and the only one which can be imagined 
in Young’s day is that colours can be matched with 
more manageable proportions of these colours than 
almost any other set of matching stimuli. It does 
suggest, however, that Young may have realized 
more clearly than Palmer had done that the so-called 
primary colours need not necessarily be primary from 
the point of view of spectral perspective. 

The importance of any character in a play or a 
novel can be gauged from the appearance which the 
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work would have without the character in question. 
If this test is applied to Thomas Young and the 
history of the trichromatic theory the most that can 
be said is that, by his authority, he speeded its 
acceptance. But were we to delete from his writings 
the references to the subject, his predecessors may 
fairly be admitted to have advanced it far enough 
for us to find it in its present form. 


1 Walls, G., J. Hist. Med. Allied Sci., 11/1, 66 (1956). 

* Seidl, H., Z. Biol., 108, 439 (1956). 

3 rosin” “A Course of Lectures on Natural Philosophy”, Lecture 37 

* Marat, J. P., “‘Découvertes sur la lumiére” (Jombert, Paris, 1780). 

* d’Alembert, J., Opuscules mathém., 3, 392 (1764). 

* Lomonosow, M., “Oratio de origine lucis, ...”, translated by G. 
Kositzki (Acad. Sci. Petersburgh, 1757). 

’ Bick, Y., M.Sc. thesis (University of London, 1949). 

* Mariotte, E., “Oeuvres” (Vander Aa, Leyden, 1717). 

° Toms, x. “On the Theory of Light and Colours”, Bakerian Lecture 
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FUNGISTATIC PROPERTIES OF PLANT TISSUES 


An Antifungal Substance from the Tissues 
of Vicia faba 


NTIFUNGAL and antibacterial substances have 
d been found in a number of plants, and it is 
possible that in some cases such compounds, present 
in the tissues, provide protection against certain 
pathogenic organisms. Phenolic compounds, tannins 
and other substances have been associated with such 
natural disease resistance in plants'. 

During our earlier investigations on systemic fungi- 
cides we used a method for laboratory assessment 
described by van Raalte*, in which the compound is 
placed on top of a cylinder of potato or tomato leaf 
petiole standing upright on the surface of nutrient 
agar previously sown uniformly with fungal spores. 
If the growth of the fungus is inhibited around the 
base of the petiole, then the fungicidal action which 
is being exerted in this region must have arisen either 
directly or indirectly from the chemical treatment 
applied. This test has been modified and critically 
examined here using a range of aryloxy- and arylthio- 
alkanecarboxylic acids. Untreated leaf petioles of 
potato, tomato and tissues of several other plant 
species had no inhibiting effect on the growth of 
Aspergillus niger using this technique ; but segments 
of the stems and roots of broad bean 
(Vicia faba) seedlings when placed 
on the seeded agar in this way pro- 
duced a marked antifungal effect, 
giving @ clear zone of inhibited 
growth of some 10 mm. in diameter. 
the greatest activity was found in 
the lower parts of the stem and the 
upper segments of the primary root 
(Fig. 1). Secondary roots and cotyle- 
dons of the seedlings also showed a 
small fungistatic effect, but the 
leaves were inactive. Further in- 
vestigations showed that the sub- 
stance or substances producing the 
antifungal effect were present in 
much smaller amounts in tissues of 
mature plants, though immature 


seeds, assayed immediately after a 


= 


removal from the pods, displayed appreciable anti- 
fungal activity which was all centred in the cotyledons. 
This property of broad bean plants was shown by all 
of eleven varieties tested, and a similar, but much 
smaller, activity was found in corresponding tissues 
of runner bean (Phaseolus multiflorus) and pea (Pisum 
sativum) seedlings?. 

In attempts to determine the properties of the 
antifunga] material in the broad bean, seedlings of 
variety Green Windsor were used. Extracts were 
assayed for activity using A. niger sown on potato 
dextrose agar plates as above, and their capacity to 
inhibit germination of the spores of Botrytis cinerea 
was also determined. The lower parts of the stems 
of the seedlings were used throughout. No antifungal 
activity was found in the fluid expressed from the 
tissue nor in extracts from it. Furthermore, extracts 
of the stem tissue made with water, aqueous methanol, 
ethanol, acetone, ethyl acetate and light petroleum 
and various fractions separated chemically from these 
extracts all produced no inhibitory effect, and in 
many cases a stimulation of growth occurred. The 
antifungal constituent, however, was readily ex- 
tracted from the cut tissue by agar, and by placing 
small cylinders of this treated agar on to seeded 
plates, the antibiotic activity could be observed. 


Inhibition - growth of A. niger on nutrient agar arising from segment of stem 
(left) and segment of primary root (right) of Vicia faba 
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To obtain the material, a large number of segments 
of stem tissue were placed in contact with agar for 
18-24 hr. in the dark at 25° C. and the agar was 
then extracted in a Waring blendor with peroxide- 
free ether. Concentration of the ether extract (dried 
over sodium sulphate) yielded the active substance, 
together with impurities, as a brown gummy material. 
When the activity of this was assessed in the A. niger 
plate test, a quantity derived from 10-12 plants gave 
a clear zone 11-13 mm. in diameter. A suspension of 
the substance in water at a concentration equivalent 
to 120 plants per ml. totally inhibited the germination 
of B. cinerea spores. 

In view of the pronounced fungistatic effect shown 
by a single segment of stem or root in the plate test 
(Fig. 1) it would appear that the agar/ether extraction 
technique yields only a proportion of the active 
material. However, when a cylinder of the ether- 
extracted agar, freed from ether, was examined in 
the plate test, no activity could be detected. It is 
possible that some fungistatic constituent, active in 
the single segment test, is unstable and does not 
survive the extraction process. This point is being 
examined. 

Further investigations on the antifungal extract 
from the agar, in which Dr. R. A. Heacock has taken 
part, have indicated the following. It is: (a) not 
destroyed by exposure to air or light; (6b) very 
slightly soluble in water, more soluble in ether and 
in ethanol ; (c) fairly stable to boiling for 3 hr. with 
1 per cent hydrochloric acid but not with 1 per cent 
sodium hydroxide ; (d) weakly acidic ; and (e) active 
against B. fabae, Alternaria solani and Monilia 
fructigena. When the extract was subjected to paper 
chromatography using n-butanol/acetic acid/water 
(4: 1:5) on Whatman No. | paper, the active zone 
was found in the region of Rr 0-95 + 0-05. Using 
the same solvent with paper buffered to pH 8-4, a 
spot giving the same colour reactions appeared at 
Rr 0-8-0-85. In all other solvent systems studied so 
far, Rr’s > 0-9 were obtained. The active spot gave 
a blue colour when sprayed with acidified ferric 
chloride followed by potassium ferricyanide and it 
decolorized acidified permanganate. No colour 
appeared when the spot was sprayed with potassium 
iodide in dilute hydrochloric acid followed by starch 
solution. It gave no reaction with ninhydrin or with 
2 : 4-dinitrophenylhydrazine, but formed a_bluish- 
violet colour with Gibbs’s reagent (2: 6-dichloro- 
quinonechlorimide) and a brown colour with ferric 
chloride. With diazotized para-nitraniline or sul- 
phanilic acid followed by sodium hydroxide it formed 
a red azo dye. These colour tests indicate that the 
substance is phenolic and has reducing properties. 
Chromatographic evidence and solubility considera- 
tions, however, do not suggest that it is a tannin. 
Further investigations have established that the 
compound is not 3: 4-dihydroxyphenylalanine, known 
to occur in bean plants*, nor is it traumatic acid 
(A?-decene-1 : 10-dicarboxylie acid), which has been 
isolated from damaged bean tissues‘. 

In another series of experiments some evidence has 
been obtained which indicates that our antifungal 
compound may not be present as such in intact bean 
plants, but that it is produced in the tissues in 
response to a wounding stimulus. If this is the case, 
it raises the possibility whether slight damage to 
cells of broad bean plants brought about by the 
penetration of a fungal spore germ tube might be 
sufficient to initiate the formation, within the host, 
of this substance with antifungal activity. The 
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liberation of such a compound at the site of attack 
might help to explain the natural resistance shown 
by broad bean seedlings towards some of the fungi 
which are pathogenic towards other plant species. 
As yet we have little evidence that this natura! 
resistance has a chemical basis, but our investigation 
along these lines and on the chemical nature of th: 
broad bean ‘antibiotic’ are proceeding. 


D. M. SPENCER 
J. H. Torrs 
Rh. L. Warn 


Agricultural Research Council 
Systemic Fungicide Unit, 
Wye College (University of London), 
Nr. Ashford, Kent. 


Topps, J. H., thesis, University of London (1956). 

* van Raalte, M. H., Proc. Third Int. Congr. Crop Protection, Pari. 
p. 76 (1952). 

* Miller, E. R., J. Biol. Chem., 44, 481 (1920). 

‘ English, J., Bonner, J., and Haagen-Smit, A. J., Proc. U.S. Nat 
Acad, Sei., 25, 323 (1939); J. Amer. Chem. Soc., 61, 3434 (1939 


Fungistatic Properties of Leaf Exudates 


GILLIVER!, in a survey of 1,915 angiosperms, 
obtained antifungal extracts from 23 per cent of the 
species examined by grinding the plant materials with 
sand and water. Among the tissues giving active 
extracts were the leaves of a few woodland trees. In 
other studies quoted by Wain*, the resistance of a 
variety of plant species has been correlated with the 
presence of a fungistatic substance. 

Work here on naturally occurring fungicidal and 
fungistatic substances has included a further exam- 
ination of the resistance of certain woodland trees to 
fungal pathogens. It is well recognized that morpho- 
logical and environmental factors might be involved 
in disease resistance, but there is also the possibility 
that such resistance has a chemical basis. Indeed, 
protection might well arise through the influence of 
water-soluble compounds exuded from the leaf. 

Direct evidence for this was obtained in @ number 
of cases by Brown®, who showed that drops of dis- 
tilled water from the surface of petals and leaves 
from a number of plant species showed different 
capacities for bringing about the germination of 
spores of Botrytis cinerea. In most cases, a stimulatory 
effect was observed; but in others the effect was 
negligible and, in a few instances, fungal spore 
germination was inhibited. Exosmosis from the 
leaves and petals was in all cases established by 
conductivity measurements on the treated drops. 
Apart from the appearance of nutrient and other ions 
at the leaf surface, however, the possibility exists 
that organic molecules are exuded which are able 
to stimulate or inhibit the germination of fungal 
spores. 

To examine this possibility, the verdant leaves of 
twelve species were gathered in October 1953 and in 
the following two years in June. For the purpose of 
comparison, the number of leaves or leaflets used in 
each case was calculated to give approximately the 
same overall surface area. ‘The surfaces of the un- 
damaged leaves after collection were washed with 
distilled water three times at six-hour intervals, and 
the washings in each case were examined for their 
capacity to inhibit the germination of the spores of 
the fungus, Botrytis cinerea. 

The extremely dilute washings so obtained were 
without effect and, in order to concentrate any active 
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Table 1. Evrgorsjor ETHBR-EXTRACTED WASHINGS OF LEAVES OF CERTAIN TREES ON SPORE GERMINATION AND GERM-TUBE LENGTH OF 
Botrytis cinerea 
! 
No. of October 1953 June 1954 June 1955 
leaves or Corrected Max. germ- Corrected Max. germ- Corrected Max. germ- 
leaflets percent tube length percent tube length per cent tube length 
germ. (4) germ. (4) germ. {#) 
Control 100 300 100 330 100 270 
| Ash (Fraxinus excelsior) 180 90t 150 88t 140 91f 150 
Beech (Fagus Pa sooty 150 100 140 100 100 100 75 
Chestnut (Castanea sativa) 40 92t 150 89ot 170 94* 150 
Elder (Sambucus nigra) : 150 48t 100 21f 40 4it 75 
False acacia (Robinia pseudoacacia) 300 93t 60 90t 70 93t 100 
Hazel (Corylus avellana) 50 82t 120 807 160 80t 120 
| Horse-chestnut (Aesculus hippocastanum) 35 99 160 91+ 170 93t 90 | 
| Laburnum (Laburnum anagyroides) 306 95* 330 93t 300 96* 270 | 
Common oak (Quercus robur) 60 80t 150 84t 170 79% 140 | 
| London plane (Platanus _ 30 94° 250 88t 150 79% 120 
Privet ( m 600 58t 110 19¢ 50 41t 30 
Sycamore (Acer p. ene) 18 97 300 95* 250 97 300 
Ivy (Hedera heliz) 50 96* 120 
Yew (Taxus baccata) 3,500 98 250 
° + Significant at 5 per cent level 
Corrected percentage germination = 2b8erved , 199 i Rael 
control : » 04). * 


materials present, in all subsequent experiments each 
water solution was extracted with ether. The ether 
was then removed and the residues suspended in 
0-5 ml. water were tested against the spores of B. 
cinerea. Such extracts from a number of species 
showed a significant degree of fungistatic activity 
(see Table 1). With all species examined, except 
those of laburnum and sycamore, the extension of 
the conidial germ tubes was retarded, and with hazel 
and chestnut a thickening of the germ-tube occurred. 
The most fungistatic extracts were those obtained 
from elder and privet. In the 1955 experiments the 
evergreens, yew and ivy, were also included. Of 
these, only the leaf washings of the latter showed 
appreciable activity. 

The present results support the early findings of 
Brown’, and indicate that intact leaves of some 
species can yield small quantities of water-soluble 


compounds possessing fungitoxic properties. The 
solutions obtained by washing the leaves were them- 
selves too dilute to affect spore germination, but it 
is suggested that the much more concentrated 
solution of compounds from the leaf which would be 
present under natural conditions in the film of 
moisture on its surface: might be decidedly fungi- 
toxic. Indeed, this may well represent a natural 
defence mechanism against fungal attack. 


J. H. Topps 
R. L. Warn 
Wye College (University of London), 
Near Ashford, 
Kent. 


' Gilliver, K., Ann. App. Biol., 34, 136 (1947). 
* Wain, R. L., Ann. App. Biol., 39, 429 (1952). 
ad wove” Ann. Bot., 36, 101 (1922); see also Ann. Bot., 


36, 286 


ARTHUR D. LITTLE RESEARCH INSTITUTE 
By Dr. F. N. WOODWARD, C.B.E. 


Director 


NEW research organization, under the joint 

auspices of the Arthur D. Little organization of 
Cambridge, Massachusetts, and a number of promin- 
ent individuals in Britain interested in the furtherance 
of international scientific relations, has been set up 
with the approval of H.M. Government at Inveresk, 
near Edinburgh, in the laboratories occupied during 
the past ten years by the Institute of Seaweed Re- 
search of which I was formerly director. The inaugur- 
ation of the new Institute took place on March 22, 
when the Minister of State for Scotland, Lord Strath- 
clyde, performed the opening ceremony. 

In conception and method of operation the new 
organization is unique. Fundamental studies in 
different scientific fields are being undertaken by 
teams, each consisting of about four scientists with 
appropriate technical assistance, the leader of the 
team in each case being @ specialist in that particular 
line of research. The work being entirely of a funda- 
mental character, the staff will not be concerned with 


any specific or immediate commercial objectives. 
Examples of projects already in train are concerned 
with a basic study of linear polymers, including an 
investigation of the mechanism, kinetics and proper- 
ties of such polymers; and the chemistry of the 
sodium sucrates and their derivatives. Financial 
support for these and later studies is being provided 
by a number of organizations, co-operating with 
Arthur D. Little, Inc., who believe that there is an 
increasing need for basic research to indicate new and 
promising areas in which the applied scientist can 
work. 

Although the costs of establishment and initial 
support have been borne by American funds, future 
projects will be open to British and Continental 
sponsorship on exactly comparable terms. The 
direction of the Institute and the majority of its staff 
are British but it is intended to give an international 
quality to its operations by engaging scientists from 
the Continent. Members of the scientific staff will 
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be free to publish their findings, to discuss their work 
and to enter fully into the life of the scientific com- 
munity. The Institute will continue the well-estab- 
lished, close association between the universities and 
the Inveresk laboratory. 

The new Institute, which is known as the Arthur D. 
Little Research Institute, is governed by a Board of 
Management of which Lord Bilsland is chairman. 
The other British members of the Board are Sir 
Robert Erskine-Hill, Sir David Anderson, director 
of the Royal College of Science and Technology, 
Glasgow; and Sir Ian Heilbron, director of the 
Brewing Industry Research Foundation, Nutfield, 
Surrey, professor emeritus of organic chemistry, 
University of London, and war-time scientific adviser 
to the Minister of Production. The American mem- 
bers are Mr. Raymond Stevens, president of Arthur 
D. Little, Inc., and Dr. L. W. Bass and Mr. W. A. W. 
Krebs, vice-presidents. 

Since 1944 the Institute of Seaweed Research has 
been elucidating many of the scientific problems 
associated with the marine algae and their utilization. 
This work, which has stimulated great interest in 
practically every maritime country in the world, 
has aided the development in Britain of a new 
industry based upon seaweed now using annually 
more than 40 thousand tons of a crop which, until 
recently, was looked upon as useless. The industry 
has brought much-needed employment to the high- 
lands and islands of Scotland. 

By agreement, the work on seaweed which is being 
continued under the xgis of the Institute of Seaweed 
Research financed from the Development Fund is 
still based on the Inveresk laboratories. This will be 
independent of the new Institute, and its main 
responsibilities are now to support fundamental sea- 
weed research at the universities, to operate an 
information service particularly for the use of indus- 
try, and to give technical assistance and advice to 
those interested in seaweed utilization in the crofting 
communities. Mr. E. Booth is in charge of these 
operations and is answerable to the Institute of 
Seaweed Research Board, which has been recon- 
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stituted in line with the change in emphasis of its 
work. 

The Arthur D. Little organization, which is situated 
next to the Massachusetts Institute of Technology 
on the Charles River in Cambridge, Massachusetts, 
is the oldest and most diversified of the private 
industrial research organizations in the United States 
and works on problems of both basic and applied 
research brought to it by industry and by Govern- 
ments. 

Although the American organization’s activities 
have been mainly concerned with the application of 
technical knowledge to industrial problems during the 
past seventy years, it has also undertaken fundamental! 
investigations in a variety of fields such as solid- 
state physics, low-temperature physics and chemistry, 
meteorology, biological research connected with 
cancer problems, the last-named under the auspices 
of the U.S. National Institutes of Health. More 
recently, experts from Arthur D. Little, Inc., have been 
asked to assess unutilized resources in a number of 
areas such as Manitoba, Newfoundland and Nova 
Scotia in Canada as well as in Honduras, Jamaica, 
Puerto Rico, Egypt and Iraq, and to advise the 
Governments concerned as to how best these can be 
developed. 

The Arthur D. Little organization has had many 
connexions with the United Kingdom; in 1928-29 
the late Dr. Little served as president of the Society 
of Chemical Industry and was awarded its Perkin 
Medal in 1930. 

The Arthur Dehon Little Memorial Lectureship at 
the Massachusetts Institute of Technology has been 
held by a number of distinguished British scientists, 
including Sir Edward Appleton, principal and vice- 
chancellor of the University of Edinburgh, and 
Sir Alexander Todd, chairman of the Advisory 
Council on Scientific Policy. 

The new Institute at Inveresk is the first of this 
type in Britain. It is international in direction and 
outlook and will open up further channels of com- 
munication between North American scientists and 
their British and Continental colleagues. 


OBITUARIES 


Prof. Walter Bothe 


Pror. WALTER Borne, head of the Department of 
Physics at the Max-Planck-Institut fiir medizinische 
Forschung, Heidelberg, died on February 8 after a 
long illness. He was born in Berlin on January 20, 
1891, and was educated at the University of Berlin 
as a pupil of Max Planck. In 1914 he obtained a 
doctorate for an investigation on the molecular theory 
of refraction, reflexion, dispersion and extinction. 
During the First World War, while a prisoner of war in 
Russia, he continued his work in this field. From 
1920 until 1931 he was working as a member of 
the Physikalisch-Technische Reichsanstalt in Berlin- 
Charlottenburg, in 1931 became professor of physics 
in Giessen and in 1933 head of the Physics Department 
of the present Max-Planck-Institut in Heidelberg. 

At Berlin-Charlottenburg his activities turned first 
to the theoretical problems of radioactive decay. But 
working there along with H. Geiger, he became one 
of the best experimental physicists in the field of 
radioactivity and cosmic radiation. He realized the 


troublesome conditions for single scattering of beta- 
rays, especially for large angles, and in later years he 
investigated very carefuily the transition between 
multiple scattering and the diffusion of the electrons 
for electrons emerging from a foil. The problem of 
single and multiple scattering of beta-rays held his 
interest throughout his whole life. 

Bothe had an unusually comprehensive faculty for 
dealing with very different problems experimentally 
as well as theoretically. One of his most important 
investigations was carried out in 1924 together with 
Geiger, when they proved experimentally that the 
conservation of momentum and of energy is valid in 
the elementary process of the Compton effect, and 
not only statistically as suggested from some quan- 
tum-mechanical considerations. In these experiments 
the coincidence method was developed which Bothe 
and Kolhérster applied later to provide evidence of 
the existence of high-energy particles in cosmic 
radiation. The discovery of the neutron started in 
1930 with the observation of a very penetrating radia- 
tion by Bothe and Becker when bombarding certain 
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light elements, and especially beryllium, with alpha- 
particles from polonium. Bothe and Becker con- 
cluded that this radiation consisted of gamma-rays of 
several million electron volts energy. ‘This conclusion 
was completely right, since their Geiger counter was 
not sensitive for neutrons. Yet even if the authors 
could not detect the neutron by their experiments, 
they had discovered the artificial excitation of nuclear 
gamma-rays and thereby paved the way for the 
discovery of the neutron. 

From Bothe’s wide range of work there may further 
be mentioned the method of determining gamma-ray 
energies by measurement of the absorption of the 
secondary electrons produced by the gamma-rays in 
an appropriate foil, and his investigations on the 
diffusion of neutrons in different materials. 

Bothe was a very good teacher, exacting in his 
demands but highly stimulating, and many of the 
younger physicists in Germany as well as in other 
countries have been his students. His hobbies were 
music and painting, in which he found recreation and 
delight. 

In 1954, Bothe received the Nobel Prize for Physics 
(jointly with Max Born), for the development of the 
coincidence method and the results obtained by its 
application. LisE MEITNER 


Dr. P. Grodzinski 


THE death was reported on February 20 of Dr. 
Paul Grodzinski, who died of a heart attack at the 
age of fifty-six. 

Grodzinski, born in Berlin, studied at Dresden in 
the Faculty of Engineering, and from 1932 onwards 
worked as a freelance technical writer with a special 
interest in mechanisms. In 1938 he settled in London, 
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and two years later was largely responsible for the 
founding of the Industrial Diamond Review. From 
the very first Grodzinski became the technical editor, 
which position he occupied until his death. In 1943 
he became head of the Industrial Diamond Informa- 
tion Bureau of the Industrial Distributors (Sales), 
Ltd., and in that capacity was responsible for the 
publication of the “Bibliography of Industrial 
Diamond Applications’. 

He was the author of several very valuable books, 
among which were “Diamond Tools” (1936 and 1944), 
“Diamond and Gem Stone Industrial Production” 
(1942), ‘‘Practical Theory of Mechanisms” (1947) and 
in particular and most outstanding, ‘Diamond 
Technology” (1953). This last book is easily the most 
outstanding contribution in the field, an 800-page 
treatise which, in effect, was the accumulation of his 
life’s work. 

Grodzinski had a flair for inventing fine mechanisms 
and in particular his double-cone diamond indenter 
and his machine for the production of spherical 
diamond surfaces were outstanding achievements. 

In his capacity as head of the Diamond Information 
Bureau many users of diamond, whether it was a 
question of cutting an optical grating or a question of 
pure history, found, on turning to Grodzinski, an 
amazing and profound knowledge of a vast literature. 
He himself had a particular interest in the history of 
the use of diamond and made several novel contribu- 
tions to the subject, unearthing a number of unusual 
prints and engravings bearing thereon. His know- 
ledge of the literature extended far beyond that of 
diamond, for hard materials and the production and 
testing of superfine finishes were, to him, as important 
as the diamond itself. His passing leaves a void 
which will be difficult to fill. S. ToLansky 


NEW FELLOWS OF THE ROYAL SOCIETY 


T the meeting of the Royal Society on March 21, 
the following were elected to fellowships : 


Pror. 8. ADLER, professor of parasitology in the 
Hebrew University, distinguished for his researches 
on pathogenic protozoa and the diseases caused by 
them, especially visceral and cutaneous leishmaniasis. 


Pror. E. C. Amoroso, professor of physiology in 
the University of London, distinguished for his 
studies on reproduction in vertebrates. 


Dr. CHARLOTTE AUERBACH, lecturer in animal 
genetics in the University of Edinburgh, distinguished 
for her pioneering work on the chemical induction of 
mutations. 


Dr. G. K. BatcHetor, lecturer in mathematics in 
the University of Cambridge, distinguished for his 
contributions to the theory of turbulence, and other 
branches of fluid mechanics. 


Pror. W. E. Burcuam, Oliver Lodge professor of 
physics in the University of Birmingham, dis- 
tinguished for. his experimental work with particle 
accelerators, and particularly for his investigations 
of alpha-particle emission from the excited states of 
light nuclei. 

Pror. F. 8. Darron, professor of physical 
chemistry in the University of Leeds, distinguished 
for his contributions to physical chemistry and 


particularly his work on reaction kinetics, polymer- 
ization processes and radiation chemistry. 


Pror. J. F. Dante, professor of zoology in the 
University of London, distinguished for his work in 
cellular biology, particularly on the nature of the 
cell surface and on the intracellular localization of 
enzymes. 

Frep Hoyts, lecturer in mathematics in the 
University of Cambridge, distinguished for his work 
on stellar constitution, on nuclear reactions in stars 
and on cosmological theory. 


Pror. J. K. N. Jonss, professor of chemistry in 
Queen’s University, Kingston, Ontario, distinguished 
for his structural studies of complex macromolecules 
and his investigations on the biosynthesis of simple 
sugars. , 

Pror. H. 8. Lieson, professor of applied physics 
and director of the Laboratories in the Faculty of 
Technology, University of Manchester, distinguished 
for his work on the crystal structure of inorganic 
compounds and metallic alloys, and his development 
of computational methods in X-ray analysis. 


Pror. J. McMicuaszt, professor of medicine in the 
University of London, distinguished for his con- 
tributions to medical knowledge, especially on the 
mechanisms of heart failure. 
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Sm Lestre Marri, professor of physics in the 
University of Melbourne and chairman of the Aus- 
tralian Defence Research and Development Policy 
Committee, distinguished for his work on the ioniza- 
tion of gases by X-rays and on the angular distribu- 
tion of alpha-particles from nuclear reactions. 

Pror. B. MENDEL, professor of pharmacology in 
the University of Amsterdam, distinguished for his 
work on true and pseudo cholinesterase and on 
‘ali-esterases’. 

Pror. C. L. Oaxtry, Brotherton professor of 
bacteriology in the University of Leeds, distinguished 
for his researches on the toxins of anaerobic bacteria 
of the genus Clostridium, and on the site of antibody 
production. 

Pror. H. R. Prrt, professor of pure mathematics 
in the University of Nottingham, distinguished for 
his work on the theory of series, harmonic analysis, 
ergodic theory and random processes. 


Dr. F. L. Ross, director of research, Imperial 
Chemical Industries (Pharmaceuticals), Ltd., dis- 
tinguished for his work in organic chemistry, par- 
ticularly for his contribution to the synthesis of drugs 
such as ‘Paludrine’ and ‘Antrycide’. 

Dr. E. Lester Smita, research biochemist, Glaxo 
Laboratories, Ltd., distinguished for his researches on 
the chemistry and biochemistry of vitamins, especially 
for the isolation and crystallization of vitamin B,,. 

Sm Ewart Sarr, deputy chairman and technical 
director, Imperial Chemical Industries, Ltd., distin- 

for the application of a scientific mind and 
of scientific knowledge and methods to the design, 
development and management of chemical manufac- 
turing plant and processes. 


NEWS an 


Food Investigation Organization : 
Dr. Franklin Kidd, C.B.E., F.R.S. 


Dr. FRANKLIN Kipp, who has just retired from 
the Food Investigation Organization after nearly 
forty years service, was educated at Tonbridge 
and St. John’s College, Cambridge. After a 
brilliant undergraduate career, during which he 
became Slater Student, Frank Smart Prizeman 
(Zoology) and Walsingham Medallist, he was elected 
Fellow of his College in 1913. His earlier researches 
in plant physiology covered many branches, including 
important contributions to the study of plant 
respiration, plant growth and secondary dormancy of 
seeds. During this period he was awarded the Allen 
Scholarship and the Gedge Prize. Dr. Kidd joined 
the Department of Scientific and Industrial Research 
in 1918, and was appointed superintendent of the 
Low Temperature Research Station, Cambridge, in 
1934, in succession to the late Sir William Hardy. 
In 1947 he became director of food investigation. 
After joining the Department of Scientific and Indus- 
trial Research, he was chiefly concerned with prob- 
lems connected with the handling, conservation and 
transport of perishable foods. The improved method 
of refrigerated fruit storage, now generally known as 
‘gas’ storage, was based on fundamental knowledge 
obtained from his earlier work on seed dormancy. 
This method, which was developed in collaboration 
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Pror. H. B. Squire, Zaharoff professor of aero- 
nautics in the University of London, distinguished 
for his contributions to the solution of aerodynamica! 
problems, both by theoretical and experimental work ; 
his work includes investigations of stability of air 
flow, of heat flow, of profile drag and of the aero- 
dynamics of helicopter rotors. 


Pror. F. C. Srewarp, professor of botany in 
Cornell University, Ithaca, distinguished for his work 
on the mechanism of salt absorption and on nitrogen 
metabolism in mature and meristematic plant tissues. 


Dr. W. S. Srrzs, senior principal scientific officer, 
Light Division, National Physical Laboratory, dis- 
tinguished for his work on vision, particularly on the 
physical and physiological processes concerned in 
stimulation of the retina by light. 

Dr. R. C. Sutciirre, deputy director (research), 
Meteorological Office, distinguished for his investi- 
gations in meteorology, which have put the problem 
of forecasting on a more scientific basis, by taking 
account of simultaneous dynamical processes and 
thermal changes. 


Dr. D. N. Want, director of the Raw Materials 
Division, Department of Atomic Energy of India, 
distinguished for his researches into the geological 
structure of the Himalaya. 

Dr. A. S. Wart, lecturer in botany in the Univer- 
sity of Cambridge, distinguished for his contributions 
to ecology, especially of the cyclic changes in vegeta- 
tion and soils. 

Pror. W. F. Wurrrarp, whaning Wills professor 
of geology in the University of Bristol, distinguished 
for his contributions to paleozoic stratigraphy and 
to paleontology. 


d VIEWS 


with Dr. Cyril West, formerly superintendent of the 
Ditton Laboratory, has largely replaced ordinary 
cold storage for apples and pears. : 

Many calls have been made by governments on 
Dr. Kidd’s skilled services as an adviser in the field 
of food science. During 1927 he visited South Africa, 
Australia, New Zealand, Canada and the United 
States to study questions arising in the handling, 
storage and transport of perishable foodstuffs, and 
the problem of the requisite organization, personnel! 
and equipment for their solution. Afterwards, 
reports were made to the Australian Commonwealth 
Council for Scientific and Industrial Research and to 
the Prime Minister of New Zealand. In 1936 Dr. 
Kidd went to South Africa to act as chairman of a 
Commission set up by H.M. Government in the 
Union to inquire into the problem of pre-cooling 
deciduous fruits. Dr. Kidd’s achievements have been 
recognized by his election to the Fellowship of the 
Royal Society in 1944 and by his appointment as 
C.B.E. in 1960. 


Woolwich Polytechnic : Dr. H. Heywood 


Dr. Hazotp Heywoop has been appointed prin- 
cipal of the Woolwich Polytechnic, and will commence 
duties there in May. He has been reader in mechanical 
engineering at the Imperial College of Science and 
Technology, University of London, since 1940. Dr. 
Heywood served an engineering apprenticeship at 
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Robey and Co., Ltd., Lincoln, and obtained a Whit- 
worth Scholarship from the Lincoln Technical 
College, which was held at the City and Guilds 
College. Since then he has had a wide range of 
experience in industry, research and teaching both 
at technical colleges and at the University of London. 
His research work has been mainly concerned with 
studies of the properties of finely powdered materials 
and with dust problems in industry, such as air 
filtration for internal combustion engines and the 
production of pulverized coal. He received the 
degrees of Ph.D. and D.Sc.(Eng.) from the University 
of London for published papers on these subjects, and 
the Moulton Medal of the Institution of Chemical 
Engineers in 1947. More recently, Dr. Heywood has 
taken an interest in the utilization of solar energy, 
and as a result of research on this subject was invited 
to spend five weeks during 1955 in Arizona and 
California as a member of the advisory committee of 
the First World Symposium on Applied Solar Energy. 
In 1956 he spent a month in Egypt as a Unesco 
technical adviser on solar energy research. Dr. 
Heywood has taken an active part in the University 
of London boards of studies in civil and mechanical 
engineering and in mining. He is a member of 
the Institution of Mechanical Engineers, being 
associate member of council from 1933 until 
1936, a member of the Institution of Chemical 
Engineers, the Institute of Fuel, the Royal Institu- 
tion; a Fellow of the Royal Microscopical Society, 
and a@ vice-president of the British Society for the 
History of Science. 


Chemical Pathology at Leeds : 
Prof. F. S. Fowweather 


Pror. F. S. FowweatxHer has recently retired 
from the chair of chemical pathology at the Univer- 
sity of Leeds. He was born in 1892 and graduated 
at the University of Liverpool with first-class honours 
in 1914, becoming M.Sc. in the following year. 
After a short period as an industrial chemist and in 
private analytical and consulting practice he studied 
medicine, qualifying M.B., Ch.B. Liverpool in 1922. 
His association with the Leeds Medical School began 
in 1924. He became successively lecturer, reader, 
and in 1946 professor of chemical pathology. Fow- 
weather was one of the foremost pioneers of what is 
now called clinical chemistry. His book, ‘““A Hand- 
book of Clinical Chemical Pathology”, was for a long 
time the standard work on the subject. Throughout 
his long career he has been active in research, and 
many of his analytical methods are still in use. His 
contributions to the subject are paralleled by the 
growth and progress of the Department of Chemical 


Pathology in Leeds. 
Dr. G. H. Lathe 


G. H. Larue, who, has been appointed to 
succeed Prof. Fowweather, was born in 1913. 
He is a Canadian and received his early train- 
ing at McGill University, where he graduated 
in 1934. He proceeded to the degrees of M.Sc. 
in 1936 and M.D. 1938. He served in the 
Canadian army as a regimental’ medical officer and 
later as biochemist to No. 1 Canadian Research 
Laboratory, R.C.A.M.C. After the War he held 
an Imperial Chemical Industries Fellowship at the 
Department of Biochemistry in the University of 
Oxford, where he studied protein metabolism in 
relation to trauma. In 1948 he continued these 
studies at the Postgraduate Medical School, Univer- 
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sity of London. Following a year as lecturer at 
Guy’s Hospital Medical School, he became biochemist 
in the Bernhard Baron Memorial Research Labor- 
atories at Queen Charlotte’s Maternity Hospital. 
His research since this last appointment has been 
mainly upon hemolytic disease of the new-born with 
@ particular emphasis on the metabolism of bile 
pigments, a topic to which he has made numerous 
contributions. 


Development of Atomic Energy 

In a written answer in the House of Commons on 
March 18, Mr. Ian Harvey, Under-Secretary of State 
for Foreign Affairs, said that the United Kingdom 
was represented until the end of February on the 
Preparatory Commission of the International Atomic 
Energy Authority by Sir Alec Randall, whose place 
had now been taken by Mr. R. D. J. Scott-Fox, with 
Mr. M. J. Michaels, of the Office of the Lord President 
of the Council (Atomic Energy), as alternate delegate. 
It has been decided to hold the first General Con- 
ference of the Agency in Vienna and the opening date 
has been provisionally fixed for August 19. A White 
Paper containing the text of the Statute of the 
International Agency was laid before Parliament on 
March 19 and an instrument of ratification would be 
deposited with the United States Government in 
accordance with Article X XI of the Statute as soon 
as possible after completion of the statutory period. 

On March 20, the Minister of Supply, Mr. Aubrey 
Jones, confirmed that it is the Government’s policy 
to seek a basis of understanding with the United 
States for a full exchange of information on nuclear 
energy, and an offer for the exchange of detailed 
information has been made to the United States. 
The United Kingdom has also participated in dis- 
cussions with other Western European countries in 
the Organization for European Economic Co-operation 
on the construction as joint projects of various types 
of experimental reactors and has declared its readi- 
ness to consider participating on one of the reactor 
systems on which the United Kingdom is not already 
concentrating a major effort in its own development 
programme. The Government would also be ready 
to consider having such a reactor in the United 
Kingdom, if the other participating countries wished. 


Agricultural Research in Britain 

Mr. D. Heatucoat-Amory, Minister of Agriculture 
Fisheries and Food, as representing the Lord President 
of the Council, stated in a written answer on March 18 
in the House of Commons that over the six years 
1950-56 Government expenditure on agricultural 
research has practically doubled. The amount spent - 
on agricultural research co-ordinated by the Agri- 
cultural Research Council and in the Agricultural 
Department’s own establishments in 1955-56 was 
£4,182,000, compared with £4,297,000 in 1954-55 and 
£2,189,000 in 1950-51. 


Fuel Efficiency 

THE Thermal Insulation (Industrial Buildings) Bill 
which Mr. G. Nabarro introduced into the House of 
Commons on January 30, sponsored by members of 
both major political parties, is intended to reduce a 
loss which may amount to as much as 25-50 per cent 
of the amount of fuel consumed for heating purposes. 
The Bill prohibits on and after an appointed day the 
erection of any new industrial building in which fuel 
is consumed for space heating, except in accordance 
with minimum standards of thermal insulation pre- 
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scribed by the Minister of Housing and Local Govern- 
ment or the Secretary of State for Scotland. It also 
provides that on and after the appointed day every 
industrial building in which fuel is consumed for 
space heating shall be similarly thermally insulated 
in accordance with minimum standards prescribed by 
the Minister, and that it shall be the duty of the 
local authority to enforce the provisions of the Act. 
The Act will not apply to any industrial building 
where thermal insulation would result in no economy 
in the consumption of fuel, and the Minister, who is 
responsible for determining whether or not such 
an economy would result, is also empowered to 
exempt, by order, any industrial building or class of 
industrial buildings from the provisions of the Act. 
Mr. Nabarro, in asking leave to introduce the Bill, 
said that the National Industrial Fuel Efficiency 
Service estimated that up to 6 million tons of coal- 
equivalent were lost every year as a result of failure 
to insulate thermally industrial buildings in Britain. 
He claimed that his Bill was complementary to the 
clean air policy, which itself was essentially one of 
fuel efficiency. 


The Diploma in Technology 


Tue National Council for Technological Awards 
has announced that the following courses now in 
progress have been recognized as leading to the 
Diploma in Technology. Full-time courses: Batter- 
sea Polytechnic (applied chemistry, chemical, mech- 
anical, civil and electrical engineering, metallurgy) ; 
Sandwich courses: Acton Technical College (applied 
chemistry, applied physics, electrical and mechanical 
engineering) ; Battersea Polytechnic (applied chem- 
istry, chemical, electrical and mechanical engineering, 
metallurgy); Birmingham College of Technology 
(applied chemistry, chemical technology, applied 
physics, electrical engineering and mechanical and 
preduction engineering); Cardiff College of Tech- 
nology and Commerce (mechanical/production en- 
gineering; Woolwich Polytechnic (electrical and 
mechanical engineering). The Council has also 
approved the following new courses: Sandwich 
courses : Battersea Polytechnic (civil engineering and 
physics) ; Birmingham College of Technology (tech- 
nological mathematics) ; Chelsea Polytechnic (applic- 
able mathematics); and Woolwich Polytechnic 
(mathematics applied to engineering). 

In making this announcement, Lord Hives, the 
chairman of the Council, pointed out that two of 
the colleges at which courses have been recognized, 
namely, Acton Technical College and Woolwich 
Polytechnic, are not colleges of advanced technology ; 
he hoped that this would be a source of encourage- 
ment to all technical colleges. The National Council 
for Technological Awards, with its two boards of 
studies (in engineering and technologies other than 
engineering), was set up by the Minister of Education 
as an independent self-governing body to create and 
administer national technological awards of high 
standing available to students in technical colleges 
who successfully complete approved courses. ‘The 
Council has opened new offices at 9 Cavendish Square, 
London, W.1. 


Insignia Awards in Technology 


Insicnia Awards of Technology or tne Uity and 
Guilds of London. Institute (C.G.I.A.) have been 
conferred, as Special Annual Awards, on the follow- 
ing: F. Scholefield, technical adviser to the Dye- 
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stuffs Office of the Board of Trade and formerly hea 
of the Department of Textile Chemistry, Manchester 
College of Technology (chemical industries—manu- 
facture of dyes) ; ¥. Limb, factory manager, Ericsson 
Telephones, Ltd. (electrical industries—telecommuni- 
cations); J. Loxham, managing director of the 
Sigma Instrument Co., Ltd., Letchworth (mechanica! 
industries—precision engineering); E. Isles, chair- 
man of the executive board of directors of the British 
Cotton and Wool Dyers Association (textile industries 
—textile dyeing). 

In addition to their normal Insignia Awards in 
Technology, the Council of the City and Guilds of 
London Institute makes Special Annual Awards up 
to @ maximum of five (one in each of tke broad 
industrial groups into which, for purposes of the 
administration of the Award, industry is divided ; 
namely, chemical, constructional, electrical, mechani- 
cal and textile). These are granted to selected persons 
of outstanding technological achievement, who by 
their example are an indication to candidates of the 
possibilities of success and accomplishment. 


Carlsberg—Wellcome Travelling Research Fellow- 

ships 

THE directors of the Carlsberg Foundation, in 
Copenhagen, and the Wellcome Trustees, in London, 
have decided to institute a system of Carlsberg— 
Wellcome Travelling Research Fellowships, with the 
object of encouraging friendly co-operation, on an 
exchange basis, between Danish and British research 
workers in any branch of the natural sciences which 
has a bearing upon human and animal medicine. 
One fellowship annually will be awarded to a can- 
didate from the United Kingdom for a year’s work 
in Denmark and one annually to a Danish candidate 
for a year’s work in the United Kingdom. The 
stipend may range from £800 to £1,200 per annum 
(or the equivalent sums in Danish kroner) for whole- 
time research. Travelling and some incidental 
expenses will be provided in addition. It is intended 
that the first appointments shall be made in respect 
of the academic year beginning in September 1957. 
Inquiries from candidates in the United Kingdom 
should be addressed to the Scientific Secretary of the 
Wellcome Trust, 52 Queen Anne Street, London, 
W.1. There is no form of application, but candidates 
should submit a full curriculum vitae, together with 
details of their research proposals and a supporting 
letter from a senior scientist who is familiar with 
their work. Completed applications must be sub- 
mitted before April 30. 


Freshwater Fisheries Laboratory, Pitlochry 

In the summer of 1948 a small laboratory was 
established near Pitlochry, Perthshire, to conduct 
investigations on the biology of brown trout in Scot- 
land. ‘This laboratory was established jointly by the 
North of Scotland Hydro-Electric Board and the 
Scottish Home Department and was called the Brown 
Trout Research Laboratory. Both these bodies had 
a direct interest in these investigations, the Hydro- 
Electric Board because the development of its projects 
could markedly affect brown trout fishing in Scot- 
land, and the Scottish Home Department because, as 
the Government department responsible for fisheries 
research in Scotland, it had.long been interested in 
developing work on brown trout. The area around 
Pitlochry provides a wide variety of types of fresh- 
water and, as Pitlochry is roughly in the centre of 
Scotland, it is a very suitable site for a laboratory 


VoL. 179 





March 30, 1957 


No. 4561 


which may be concerned with investigations in any 
part of the country. As the new Laboratory also 
became responsible for the work on salmon and sea 
trout which had been carried out by the Scottish 
Home Department or by its pre-war predecessor, the 
Fishery Board for Scotland, it was soon evident that 
its title was inadequate. Further, as trout investi- 
gations developed, it became clear that work was 
also needed on other freshwater fishes in Scottish 
waters, such as pike and perch, because of their 
relationships with the trout populations which were 
the original objectives of the Laboratory’s studies. 
For these reasons, it has been decided to change the 
name of the Laboratory, as from the beginning of 
April, to the Freshwater Fisheries Laboratory. 

This change in title does not imply any change 
in the scope of the work carried out by the Labor- 
atory; the new title mdicates this scope more 
accurately. It is primarily a fisheries laboratory, but 
the work carried out at Pitlochry is not exclusively 
concerned with fish. Attention is also paid to other 
parts of the freshwater community, and some idea 
of the relative effort expended can be gained from 
the distribution of scientific and experimental officer 
staff among the specialist subjects connected with 
fisheries work. Thus, of the thirteen members of 
staff in these grades, seven are directly concerned 
with work on fish, three with chemical investigations, 
two with bottom fauna studies and one with botanical 
work. The results of the Laboratory’s investigations 
will continue to be published in the ‘‘Freshwater 
and Salmon Fisheries’ series, issued by H.M. 
Stationery Office for the Scottish Home Department, 
and members of the staff will continue to contribute 
papers to the appropriate scientific and technical 
journals. 


Radioactive Materials 

IsoroPE Catalogue No. 4, “Radioactive Materials 
and Stable Isotopes’’, issued by the Isotope Division 
of the Atomic Energy Research Establishment, 
Harwell, Berks, is an extremely informative and 
up-to-date description of the methods of preparation 
of radioisotopes ; radioactive standards ; the various 
isotope services including those at the Establishment 
and elsewhere in Great Britain; facilities for high- 
intensity ionizing radiations; health hazards and 
radiation protection; and the conditions of sale, 
charges, and organizations overseas through which 
radioactive materials may be obtained. Section 10 
of the Catalogue covers 140-odd pages and gives 
details of the radioactive materials produced from 
piles which are available. Each page is devoted to 
a single isotope of one of the elements, and the 
information given includes the half-life; the types 
of radiation emitted and their energies; the pro- 
duction process and other isotopes produced; the 
target material and its excitation cross-section ; the 
specific activity produced in the target element and 
the price for the irradiation unit. Some radioactive 
isotopes can be produced by bombardment in the 
Harwell cyclotron, if they cannot be produced by 
other means. The charge is £10 per hour, and 
irradiations can usually be arranged with one week’s 
notice. The section dealing with special sources 
contains data sheets for cobalt-60, indium-192 and 
thulium-170; details of the various forms and con- 
tainers which can be supplied ; and advice on the 
handling and most suitable applications of these 
sources. In the concluding sections the conditions 
governing the packaging and transport of radioactive 
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materials are outlined, and details are given of the 
stable isotopes helium-3, carbon-13 and oxygen-18 
which are not electromagnetically separated, together 
with an inventory of the electromagnetically enriched 
stable isotopes which are normally held in stock and 
immediately available. The (provisional) future pro- ' 
gramme includes elements of atomic numbers 31, 57, 
63, 66, 68, 70, 72, 73 and 81. 


Nature Reserves 


STEADY progress is again recorded by the Society 
for the Promotion of Nature Reserves in its Hand- 
book for 1956. Much of the time of the Society was 
taken up in acting as joint host and organizer of the 
fifth General Assembly of the International Union 
for the Protection of Nature which was held at 
Edinburgh during June 20-28, 1956. A report on 
the Assembly is included in the Handbook and shows 
that much more scientific knowledge is needed for 
the effective management of nature reserves. Also 
included is one of the papers presented to the 
Assembly, by L. K. Shaposhnikov, which describes 
the role of the zapovedniks (natural parks) of the 
U.S.S.R. in solving problems for the protection of 
Nature. Another paper, by R. J. Elliott, gives an 
account of nature reserves in the North of England 
and particularly of the national nature reserve at 
Roudsea Wood. The Handbook may be obtained 
from the Secretary of the Society, c/o British Museum 
(Natural History), London, 8.W.7, price 5s. 


Gifts to the University of Bristol 


THE University of Bristol has received a gift from 
the Bristol Aeroplane Co. of £10,500 towards the 
purchase of a Collins helium liquefier for the Depart- 
ment of Physics. The University has also received a 
grant of £3,700 per annum for two years from August 
1957 from the Nuffield Foundation to the Depart- 
ment of Psychology, as a renewal of the grant made 
by the Foundation to the Unit for Research on 
Employment of Older Workers, and a gift of £1,000 
from the Royal Society for the purchase of micro- 
scopes for the Department of Physics. 


Science Masters’ Association : Scottish Branch 


THE Scottish Branch of the Science Masters’ 
Association will hold its annual general meeting in 
the Zoology Department, University of Edinburgh, 
during April 8-10, with Prof. M. Swann, professor of 
natural history and zoology in the University, as 
president. Prof. Swann will speak on ‘The Antag- 
onism of Old and New in the Leaching of Biology’. 
Among the topics for discussion are: the teaching of 
science in @ junior secondary school; the training 
and prospects of laboratory technicians; the his- 
torical development of units of length, mass and 
time; andthe teaching of electrolysis in schools. The 
secretary for the meeting is Mr. L. de St. Paer, 
Loretto School, Musselburgh, Midlothian. 


The Night Sky in April, 

FULL moon occurs on April 14d. 12h. 09m. v.t., 
and new moon on April 29d. 23h. 54m. The following 
conjunctions with the Moon take place: April dd. 
04h., Mars 3° N.; April 12d. 14h., Jupiter 6° N. ; 
April 18d. 03h., Saturn 0-3° S. In addition to these 
conjunctions with the Moon, Mars is in conjunction 
with Aldebaran on April 3d. 03h., Mars being 6-8° N. 
There will be an annular eclipse of the Sun on April 
29-30, invisible at Greenwich. Mercury will be 
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visible as an evening star during the middle of the 
month, setting at 20h. 55m. on April 15, that is, 
about two hours after the Sun. Venus is too close 
to the Sun for observation. Mars sets at 0h. 00m., 
23h. 50m. and 23h. 35m. on April 1, 15 and -30, 
respectively ; its stellar magnitude decreases during 
the month from + 1-6 to + 1-8 and its distance 
from the Earth increases from 175 to 198 million 
miles. Mars is in Taurus, and continues to move 
eastwards. Jupiter is visible most of the night, 
setting at 5h. 20m., 4h. 25m. and 3h. 20m. at the 
beginning, middle and end of the month, respectively ; 
it continues to retrograde, moving from Virgo into 
Leo on April 27. Its stellar magnitude is — 1-9, 
and its distance from the Earth in the middle of the 
month is 424 million miles. Saturn rises at 0h. 10m., 
23h. 10m. and 22h. 10m. on April 1, 15 and 30, 
respectively, and is retrograding in Ophiuchus ; its 
stellar magnitude is + 0-5, its distance from the 
Earth on April 15 being 870 million miles. Occulta- 
tions of stars brighter than magnitude 6 are as 
follows, observations being made at Greenwich : 
April 10d. 23h. 42-9m., 19 Sex. (D); April 17d. Lh. 
25-6m., A Lib. (R). D and R refer to disappearance 
and reappearance, respectively. The Lyrid meteors 
are active during April 20-22, but conditions for 
observation are not favourable. Comet Arend- 
Roland is favourably placed for observation from 
the southern hemisphere during the first half of 
April, when it will be visible shortly before dawn ; 
it becomes visible from the northern hemisphere after 
April 23 in the evenings after sunset. 


Announcements 

Pror. WALTHER BAUERSFELD will deliver the 
James Clayton Lecture of the Institution of Mech- 
anical Engineers on May 10 at 6 p.m. at the Institu- 
tion. His subject is “Projection Planetarium and 
Shell Construction’. The Institution has awarded 
the 1957 James Watt International Medal to Prof. 
Bauersfeld in recognition of his work as a scientist, 
inventor and successful organizer, particularly in the 
application of precision engineering in the field of 
optics. The Medal will be presented to Prof. 
Bauersfeld on May 10. 

Pror. H. D. Kay, director of the National Institute 
for Research in Dairying, has been awarded the Gold 
Medal of the Society of Dairy Technology, in recog- 
nition of his distinguished service to the dairy industry 
throughout the past twenty-five years, and to the 
Society, of which he was founder-president, since its 
formation in 1943. 


Mr. G. F. C. pu Pressis (South African Iron and 
Steel Industrial Corporation, Ltd., Pretoria) has been 
awarded a Mond Nickel Fellowship to study the 
preparation of ores by sintering, pelleting, etc., and 
the effect on blast furnace practice of the use of 
prepared burdens. 

Pror. 8. A. Korrr, of New York University, an 
authority on cosmic rays, has been awarded the 
Order of Merit for Research and Invention by the 
Government of France. A professor of physics in the 
College of Engineering, Dr. Korff joined New York 
University in 1940. He has been engaged in cosmic 
ray research since he was a National Kesearch Fellow 
at Mount Wilson Observatory in 1932. Prof. Korff 
has been a senior scientific adviser to the Atomic 
Energy Commission and is now executive secretary 
of the United States National Committee for the 
International Geophysical Year. 
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Dr. R. J. Boscort, at present lecturer in endocrine 
chemistry at the Medical School, University of Bir- 
mingham, has been appointed head of chemical 
research at Pfizer, Ltd. (Folkestone, Kent), in con- 
nexion with an extensive new programme of funda- 
mental research in various branches of chemistry. 


THE eighteenth Thomas Young Oration of the 
Physical Society will be delivered on May 15, at 
5 p.m., in the Lecture Theatre of the Science Museum, 
Exhibition Road, South Kensington, by Mr. J. Guild, 
who will speak on “Observations on the Behaviour 
of Diffraction Gratings”. No tickets of admission 
will be required. 

THE Institute of Welding is to organize a British 
Commonwealth Welding Conference during June 
17-29, to be held in London until June 23, when it 
wil] move to Saltburn-by-the-Sea, Yorkshire. Papers 
will be presented on welding processes and their main 
applications within the Commonwealth. Further 
details can be obtained from the Secretary, Institute 
of Welding, 29 Park Crescent, London, W.1!. 


A suMMER school on ‘“‘The Use of Electrons in the 
Examination of Metals” will be held in the Depart- 
ments of Metallurgy and Physics, University of Cam- 
bridge, during July 9-20. The fee for the course is 
£25. Accommodation will be provided in Pembroke 
College, Cambridge. Further information and appli- 
cation forms for attendance can be obtained from 
the Secretary, Board of Extra-Mural Studies, Stuart 
House, Mill Lane, Cambridge, to whom the completed 
application form should be returned not later than 
May 15. 


THE International Commission for the North 
Atlantic Fisheries, the International Council for the 
Exploration of the Sea, and the Food and Agriculture 
Organization (FAO) have arranged a joint meeting 
of fishery scientists which will take place in Lisbon 
during May 27-June 3. It is expected that more 
than fifty scientific papers dealing with the effects of 
fishing, fishing effort and selection in fishing will be 
presented. Scientists from at least fifteen different 
countries will participate in the meeting, which} it 
is hoped will indicate what further research ,is 
needed in the North Atlantic. 


Tue Easter Congress of the Universities Federation 
for Animal Welfare will be held at Mansfield Hall, 
University of Reading, during April 2-5. The pro- 
gramme includes lectures on ““Humaneness in Science”’ 
by Major C. W. Hume, secretary-general of the 
Federation ; ‘“‘Supplements and Additives to Feeding- 
Stuffs” by Dr. N. 8. Barron; “The Assessment of 
Pain in Animals” by Dr. Phyllis G. Croft; ‘The 
Protection of Deer in Great Britain” by Mr. V. Ross ; 
and “Mink Farming” by Mr. A. F. Bell. Inquiries 
and applications to attend should be sent to Miss 
M. P. Williams, Universities Federation for Animal 
Welfare, 7a Lamb’s Conduit Passage, London, W.C.1. 


THE Mammal Society of the British Isles is to hold 
its annual Conference in the Department of Zoology, 
University of Durham, during April 12-15. Most of 
the meeting is essentially for members, but the open- 
ing lecture on the Friday evening is open to all. It 
will be on ‘‘Population Studies on the Alaskan Seal 
Herd” by Dr. Victor B. Scheffer (U.S. Fish and Wild 
Life Service) and will be held at 8.45 p.m. in the 
Appleby Lecture Theatre, Science Buildings, Univer- 
sity of Durham. 
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HE Biochemical Society held a symposium on 

“Structure and Function of Subcellular Com- 
ponents” in the Senate House of the University of 
London on February 23. The symposium was 
attended by more than two hundred members of the 
Society and their guests. 

Sir Rudolph Peters, chairman for the morning 
session, introduced the subject of the symposium. 

Dr. J. D. Robertson gave an illustrated survey of 
the electron microscopical view of the ultrastructure 
of certain cells, describing particularly the mem- 
branes of the endoplasmic reticulum, of the mito- 
chondria, and of the cells and subcellular components 
of nervous tissue. He believed that the endoplasmic 
reticulum formed a continuous aqueous channel 
between the internal medium of the nucleus and the 
extracellular medium. ‘This supposed channel was 
suggested as the path of transfer of substances 
between the cell and its milieu. Dr. Robertson sup- 
ported Palade’s conception of mitochondrial struc- 
ture, regarding the inner membrane as the much 
infolded boundary between an internal and an 
external mitochondrial chamber. He agreed with 
the findings of Freeman, that both mitochondrial 
membranes are double. He showed the close approx- 
imation of the membranes of intraneuronal and 
neuromuscular junctions, and the apparent con- 
nexion between vesicular bodies and (tubular ?) axon 
filaments less than 100A. thick. The relationship 
between the cell membranes of a Schwann cell 
wrapped around the axon was compared with the 
spiral appearance of transverse sections through the 
myélin sheath. To conclude, Dr. Robertson demon- 
strated the resolution of the 100 A. period of myelin 
sheath into a 50 A. period, especially in sections fixed 
in potassium permanganate. He speculated on how 
the laminz 50 A. thick might be made up of mono- 
layers of lipid and protein. 

Dr. 8. J. Holt described the principles and poten- 
tialities of cytochemical staining methods for the 
study of intracellular enzyme distribution. He out- 
lined the criteria to which staining methods should 
conform in order that the staining pattern produced 
might indicate the quantitative as well as the 
qualitative distribution of the activity of a given 
enzyme. The performance of a staining procedure 
for esterases, based upon the use of substituted 
indoxyl acetates as substrates, and depending upon 
the liberation of indoxyl by the enzyme and sub- 
sequent oxidation to an indigoid dye, was compared 
with the behaviour deduced from a_ theoretical 
treatment of the staining process. The predictions 
of the theory concerning the factors required to 
increase the resolution of the cytochemical staining 
have been verified experimentally, and it was shown 
that, under appropriate conditions, the esterase act- 
ivity can probably be located with a precision of about 
0-54. The possibilities of the method were nicely 
illustrated by the staining of the acetylcholine 
esterase near the muscle and/or nerve cell mem- 
branes of the muscle end-plate. Dr. Holt suggested 
that cytochemical staining might be adapted to 
measure the Michaelis constant of an enzyme in situ 
for purposes of identification. 

The chairman for the afternoon session was Prof. 
D. D. Woods. He introduced Prof. L. Ernster, who 
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dealt with three examples of the effect of spatial 
arrangement on the activities of enzyme systems 
concerned in energy transformation. Prof. Ernster 
described the close connexion between the changes 
in coupling of phosphorylation to oxidation, the 
appearance of the latent adenosine triphosphatase, 
and the changes in morphology (and ‘loosening’ of 
structure) of mitochondria subjected to various 
chemical and physical treatments. He sought to 
explain the exceptional behaviour of the oxidatively 
phosphorylating particles isolated from digitonin- 
treated mitochondria by a tightness of binding of the 
essential components of the system, which he sup- 
posed to be artificially imposed by the digitonin 
treatment. The system responsible for oxidative 
phosphorylation was believed to be part of the mito- 
chondrial membrane. Prof. Ernster went on to 
describe the difference in the pathway and general 
characteristics of the oxidation of intra- and extra- 
mitochondrial reduced diphosphopyridine nucleotide. 
For his last example, Prof. Ernster outlined the work 
in which he and his collaborators had shown the 
normal pathway of isocitrate oxidation to be through 
the diphosphopyridine nucleotide-linked intramito- 
chondrial enzyme and not, as was formerly supposed, 
through the much more active triphosphopyridine 
nucleotide-linked extramitochondrial isocitric de- 
hydrogenase. Prof. Ernster suggested that the 
triphosphopyridine nucleotide of the cytoplasm, 
which exists mainly in the reduced form, channels 
hydrogen to essential reductive steps of metabolism ; 
and that, dependent upon the extent of ‘loosening’ of 
mitochondrial structure, the double-specific pyridine 
nucleotide-linked enzymes might regulate the chan- 
nelling of hydrogen between the two pyridine 
nucleotides. 

Dr. P. Mitchell outlined the progress of work on 
the relationship between the structure of the mem- 
branes of bacteria and the movements of solutes 
between the cytoplasm and the external medium. It 
was shown that the transport of inorganic phosphate 
across bacterial membranes has features in common 
with mitochondrial oxidative phosphorylation ; and 
that the lipoprotein plasma-membrane of bacteria 
contains most of the cytochrome of the cell and the 
bulk of a number of oxidative and hydrolytic enzymes. 
Dr. Mitchell described recent work in which he and 
his collaborators have shown the strict coupling of 
the permeation of amino-acids, carbohydrates and 
their derivatives to metabolism. These observations 
have led to the formulation of a general theory of 
membrane transport—an extension of the previous 
hypothesis that enzymes conduct metabolites through 
the bacterial membrane. According to this theory, 
membrane-transport reactions are, in general, both 
formally and physically equivalent to group-transfer 
reactions catalysed by enzymes. It was suggested 
that this theory would explain the apparent contra- 
diction between the low physical permeability of 
bacterial membranes and the easy accessibility of the 
metabolic systems to the nutrients of the medium ; 
and that it would also explain the biochemical 
mechanism of outward transfer and polymerization 
of the components of the external celi-wall. 

Dr. K. Rees, giving the last paper of the sym- 
posium in collaboration with Dr. J. D. Judah, 
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described the changes in the cellular components of 
rat livers damaged by administration of carbon 
tetrachloride, or of carcinogens, particularly thio- 


acetamide. The reduced oxidative activity of livers 
of animals treated with carbon tetrachloride was 
ascribed to mitochondrial damage. It was shown 
that the loss of pyridine nucleotides, which accom- 
panies ageing of normal isolated mitochondria, was 
increased at an early stage in animals to which carbon 
tetrachloride had been administered; and it was 
suggested that the early mitochondrial injury visible 
in otherwise normal livers of rats poisoned by carbon 
tetrachloride could be attributed to a localization of 
the carbon tetrachloride leading to changes of mito- 
chondrial ‘permeability’. In animals with chronic 
thioacetamide poisoning at the pre-cancerous stage, 
the ageing of the mitochondria could be reversed by 
pyridine nucleotides or by versene, although there 
appeared to be no change in ‘permeability’ to the 
nucleotides and no uncoupling of oxidative phos- 
phorylation. There was, however, a reduction in 
phosphatidic acid synthesis. The nuclei and nucleoli 
of these livers were enlarged and showed an increased 
ratio of ribonucleic acid to protein; and incor- 
poration of glycine was more rapid than in the 
controls. Acute thioacetamide poisoning caused a 
reduced rate of oxidation of fatty and keto acids by 
the mitochondria. This effect could be reversed by 
versene, and was thought to be due to ionic imbalance 
in the tissue, leading to accumulation of calcium 
ions. 

During the discussion, Dr. Judah described some 
work on mitochondrial fractionation in which it had 
been possible to destroy the adenosine triphosphate— 
inorganic phosphate exchange reaction without un- 
coupling oxidation from phosphorylation. This was 
contested by Prof. Ernster, on the ground that the 
presence of substrate during oxidation might have 
reactivated the system catalysing exchange. Further 
lively discussion did not resolve this important point. 
Otherwise, the discussion of the papers was concerned 
with issues of interpretation and with points of 
detail. 

The formal papers and the discussion of the sym- 
posium are to be published as a book. 

PETER MITCHELL 


LINEN INDUSTRY RESEARCH 
ASSOCIATION 


REPORT FOR 1956 


HE report of the Council of the Linen Industry 

Research Association for 1956* records con- 
tinued co-operation with the Irish Linen Guild but a 
slight fall in membership, from 276 to 269. Dr. A. J. 
Turner retired at the end of March after sixteen years 
as director and was succeeded by Mr. D. A. Derrett- 
Smith. 

Basic research was carried out during 1956 on the 
behaviour of fibres during drafting and carding, and 
on the blending of flax with “‘Terylene’, nylon and 
‘Fibro’. Investigations have been made to determine 
the finest count of yarn which can be wet-spun using 
various proportions of flax and man-made fibres. 
Work continued on the new servo-drafting control 
system for reducing yarn irregularities and a study 


* Linen Industry Research Association. Report of the Council, 
1956. Pp. 20. (Lambeg: Linen Industry Research Association, 1957.) 
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of nap formation in flax slivers indicated that nap in 
yarns can be reduced appreciably by changes in 
processing methods. Special warping creels have 
been developed for hnen yarns and a survey has been 
made of the cones and cheeses now in use. Two new 
forms of shuttle guard have been developed tv 
decrease the risk of injury from flying shuttles. 
Work on lubricating materials has provided an 
explanation of difficulties experienced with certain 
oils and much progress has been made in sizing spun 
yarns from man-made fibres. The penetration 
problems which arise in dyeing and finishing linen 
have been examined in the light of experience gained 
with linen fabrics that have been rendered non- 
swelling, and increased efficiency in applying flame- 
proofing emulsions has been thus obtained. Methois 
for applying thermo-setting resins to linen fabrics 
to confer crease-resistance have been modified and an 
instrument has been developed for testing the water- 
proofness of wax- and chemical dry-proofed canvases. 

At the thirty-seventh annual general meeting of 
the Association on January 4, the chairman, Mr. 
H. B. MeCance, expressed concern about the possible 
adverse effect of the Restrictive Trade Practices Act 
on co-operative research. Mr. D. A. Derrett-Smith, 
referring to flax production, said that the Dutch white- 
blossom Wiera variety is promising to meet growing 
conditions in Northern Ireland without detriment to 
yield or quality. Because it is becoming difficult to 
find labour for dam-retting or tank-retting, work is 
proceeding on the direct comparison of the green flax 
process with Irish dam-retted flax for wet-spinning. 
Besides such fundamental research, last year 662 
research problems proposed by members were dealt 
with at Lanbeg, as well as 2,520 routine tests, and it 
had been necessary to ask members to limit requests 
for such tests so far as possible. Mr. Derrett-Smith 
said that several promising young graduates had 
been recruited to the staff, and under the re-intro- 
duced scholarship scheme seven students were 
receiving practical training during the day and 
attending courses of evening study at the Belfast 
College of Technology leading to the B.Sc. degree in 
chemical technology. 
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THE COPRA INDUSTRY OF 
ZANZIBAR 


OPRA is the dried ‘meat’ of the coconut and 

contains about 67 per cent of an excellent 
edible oil which is also used for making soap. Copra 
cake or meal is extensively used for animal feed or 
as fertilizer. The total annual world production of 
copra is about 1,780,000 metric tons (1951), and of 
this about 3,500 tons and 12,000 tons are produced 
annually by the islands of Pemba and Zanzibar, 
respectively. The problems associated with pro- 
duction have been described by D. W. Hall (Col. 
Plant and Anim. Prod., 5, No. 4). 

The islands of Zanzibar and Pemba are heavily 
wooded with coconut trees, and each tree prgduces 
20-60 fruits a year. The average annual yield on 
Government plantations is 40 fruits per year. 

Labour gangs climb the trees and cut down the 
fruits, and other gangs collect the fallen fruits into 
piles. The fruits are then transported to the main 
collecting centres, at each of which there is a kiln, or 
to individual kilns. The coconuts are left in heaps on 
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the ground for about one month, when the colour 
changes from green to brown, and the fibrous husk 
dries off. During this period the raw copra matures 
and improves in texture. A steel spike is driven into 
the ground and the husk of the coconut is removed 
by pushing the coconut on to the spike and levering 
off a piece of husk. The complete husk of a coconut 
is removed in this way in four to five pieces joined at 
one end, leaving the ‘nut’ intact. 

The ‘nut’ is now taken and split into equal pieces 
and these are then placed, open end downwards, in 
a kiln to dry. On drying, the shell and the inner core 
or ‘meat’ tend to part company owing to the drying 
and shrinking of the ‘meat’. The shell is removed 
with a curved knife. The partially fired copra is then 
put back on the kiln and dried for a second time. 
‘lhe complete drying process takes about four to five 
days. Fair-quality copra can be produced by open- 
air drying for at least five days in sunny weather. 

In Zanzibar, copra is brought into the markets, 
where it is graded. Only high quality is considered 
fit for export, while the low grade is bought by the 
local millers. 

Copra below the standard required for export 
quality is bought by the oil millers and pressed to 
give an oil and cake. At the oil mills the copra is 
stored in bulk. It is then carried to a crusher, after 
which it is passed through a steam-jacketed expeller. 
The minute pieces of copra are squeezed by a spiral 
worm which separates the oil from the cake. The oil 
is stored in a large tank pending filtration by filter- 
presses. Some is saponified for blue mottled soap. 
The pressed cake is bagged and stored on the premises 
to await shipment to the United Kingdom. 

One of the major problems in the copra industry 
in Zanzibar is that there is a continuous change of 
ownership among the producers. The potential pro- 
ducers are mainly Omani Arabs who spend a few 
years trading in the Protectorate and then return to 
Arabia. They arrive from Arabia, and many of them 
obtain loans from brokers to buy or build kilns. By 
the time these Arabs have become skilled, they move 
on, and others, new to the trade, take their place. A 
second problem arises from the fact that some coco- 
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nut growers lease their plantations for cropping. 
This encourages lessees to pick immature nuts in an 
effort to collect as many as possible. 

Another serious fault is that some copra makers 
kiln-dry for a short period of only about two days in 
an effort to produce saleable copra with as heavy a 
weight as possible. 

Copra can be stored in bulk or in bags. During 
storage, bacteria, moulds and insects cause deteriora- 
tion of the copra with a resultant reduction in its oil 
content, an increase in the acidity and deterioration 
in colour of the oil, and a loss in weight of the copra. 

The insect species infesting copra and copra cake 
are the beetles Necrobia rufipes Degeer, Ahasveras 
advena Waltl, Oryzaephilus mercator Fauvel, Mycetaea 
hirta Marsham, and Lasioderma serricorne Fabricius. 

Necrobia rufipes, the ‘copra bug’, occurs in very 
heavy infestations at the markets and at the oil 
mill stores, but very few beetles are seen on the 
copra ‘farms’ throughout the island. It would appear 
that the copra first becomes infested with Necrobia 
on the ‘farms’ after it is dried and while lying in 
heaps waiting to be transported to the markets. 

The presence of insect infestation on copra and 
copra cake at the markets and oil mills in Zanzibar 
is a serious problem from many points of view. It 
is undesirable to store infested copra and copra cake 
near shops or food markets, in the customs area 
through which imported food is passing and in the 
holds of ships containing produce for human con- 
sumption. This problem of cross-infestation from the 
copra to other produce which may have a high 
economic value is a serious one because Zanzibar 
port is used by the shipping lines operating between 
the United Kingdom and the Far East and elsewhere. 

Much of the problem can be overcome by ensuring 
that the copra accepted at the market has a moisture 
content lower than 6 per cent. This is especially true 
if the copra is neither bagged nor stored hot nor in 
such a way that free movement of air is minimized. 
Local conditions vary tremendously, however, and it 
is frequently necessary to instigate insect chemical 
control measures to confine and minimize the 
infestation. 


FLUORINATED PYRIMIDINES, A NEW CLASS OF TUMOUR-INHIBITORY 
COMPOUNDS 


By Pror. CHARLES HEIDELBERGER, Dr. N. K. CHAUDHURI, Dr. PETER DANNEBERG, 
Mrs. DOROTHY MOOREN and Mrs. LOIS GRIESBACH 


McArdle Memorial Laboratory, The Med‘c.! School, University of Wisconsin, Madison, Wisconsin 
AND 
Dra. ROBERT DUSCHINSKY, Dr. R. J. SCHNITZER, E. PLEVEN and J. SCHEINER 


Hoffmanr-LaRoche, Inc., Nutley, New Jersey 


N view of the profound bidlogical effects often 
I obtained when fluorine is substituted for hydrogen 
in several classes of compounds! and because of the 
effectiveness, albeit limited, of various nucleic acid 
analogues in the treatment of human and animal 
cancer’, it was felt that a fluorine-substituted purine 
or pyrimidine might display tumour-inhibitory 
activity. Attention was focused on the pyrimidines 
because of suggestions that uracil may be utilized 
preferentially for nucleic acid biosynthesis in tumours*, 


and from the demonstration by Welch and _ his 
colleagues‘ of tumour-inhibitory activity of 6- 
azauracil. Accordingly, we have synthesized a 
number of hitherto unknown _ 5-fluoropyrimi- 
dines and their 2-thio derivatives’. 5-luoro- 
uracil (I Ro 2-9757) and _ 65-fluoro-orotic acid 
(II Ro 2-9945) exert considerable anti-tumour 
activity against transplanted tumours in rats 


and mice, whereas 5-fluorocytosine (III Ro 2-9915) | 


and various 2-thio derivatives have been inactive. 
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Moreover, I and II have shown an appreciable 
bacteriostatic effect in vitro against various micro- 
organisms, particularly Gram-negative bacteria. III 
was much less effective. The synthesis and testing of 
@ number of related compounds are undergoing 
investigation in our laboratories. 

To date, 5-fluoro-uracil and 5-fluoro-orotic acid have 
demonstrated growth-inhibitory activity against the 
following transplanted tumours in rats and mice: 
Flexner—Jobling carcinoma, Walker 256 carcino- 
sarcoma, Yoshida ascites tumour, Shay’s chloro- 
leukemia, Sarcoma 180, Ehrlich ascites carcinoma, 
L-1210 leukemia, £0771, mammary adeno-carcinoma 
755, and Sarcoma A-1 (a transplantable sarcoma 
derived from a dibenzanthracene-induced tumour ; 
Buck, unpublished). The results of typical experi- 
ments are shown in Tables 1 and 2. 

In the work with solid tumours we have calculated 
their volumes, instead of weighing. This was done 
so that the determinations could be made repeatedly 
in order to assess the growth-rate of the tumours and 
the duration of effect of the drugs. It will be noted 
from Table 1 that in all cases in which they have 
been compared, 5-fluoro-uracil is more effective than 
5-fluoro-orotic acid. A very significant inhibition of 
growth of all four tumours was produced by 5-fiuoro- 
uracil, and a more pronounced effect was observed 
with repeated rather than with single doses. This is 
at a dose-level at which there is little toxicity, as 
indicated by the slight weight loss. On the contrary, 
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5-fluoro-orotic acid is less effective than 65-fluoro- 
uracil even at a level where there is considerah|. 
toxicity as illustrated by a much larger loss of weigh. 

As shown in Table 2, 5-fluoro-uracil is very effectiy. 
against the Ehrlich ascites carcinoma. This is of 
considerable interest because ordinarily this tumour 
is affected primarily by derivatives of nitroge), 
mustard colchicine and not by 6-mercaptopurine 
a typical purine analogue’. LePage has recent, 
shown that this tumour is inhibited by azaserin., 
provided that the proper conditions of dosage ary 
followed’. In one experiment, the two mice that 
survived 100 days appeared grossly to be free of 
tumour. They were killed, and peritoneal washings 
were injected intraperitoneally into four mice. No 
tumours appeared; therefore, these fluoro-uracil- 
treated animals were free from tumours. In the case 
of the Yoshida ascites tumour, there was a significant 
prolongation of life produced by both 5-fluoro-uracil 
and 5-fluoro-orotic acid. Some of the animals 
developed solid tumours and eventually died. With 
the L-1210 leukemia, 5-fluoro-orotic acid gave a 
consistently greater prolongation of life than 5-fluoro- 
uracil. (Note added in proof. A combination of equal 
quantities of 5-fluoro-uracil and 6-mercaptopurine 
has demonstrated a synergistic effect against trans 
planted tumours.) 

lt is evident from these results that this class of 
compounds exhibits a high order of tumour-inhibitory 
activity, which warrants further exploration. Clinical 
studies of 5-fluoro-uracil in cancer patients are now 
under way at the University of Wisconsin Hospitals, 
following suitable acute and chronic toxicity experi- 
ments in rats and dogs. (We gratefully acknowledge 
the co-operation of Drs. E. L. Severinghaus and ‘I’. 
Wong, who carried out these experiments.) 

With respect to in vitro anti-microbial activity, 
5-fluoro-uracil is qualitatively different from 5-bromo- 
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uracil. Whereas the latter has no significant activity , 








Table 1. EFFECT OF 5-FLUORO-URACIL (FU) AND 5-FLUORO-OROTIC ACID (FO) ON SOLID TumovuRS 
| | Average 
Dose No. days Day mouse wt. change Average tumour Per cent of 
Compound Tumour mgm./kgm treated measured treated/controls gm. | volume T/C mm.* controls | 

FU S-180 150 1 12 — 1:8/+ 0-7 6/808 34 
FU S-180 25 7 14 — 20/+02 12 8/218 6 
FO 8-180 105 1 ll —16/—1-+5 248/436 57 
FO 8-180 15 7 1l — §-4/—1°5 204/436 47 
FU 755 20 7 10 — 62/+ 0-7 268/1,020 26 
FU A-1 25 10 12 + 0°3/+ 4:5 60/367 16 
FU F-J 110 1 16 + 33/+ 33 1,610/6,660 24 
FU F-J 7 16 + 25/+ 33 1,340/6,660 20 
FO F-J 125 1 15 + 7/+2 585/1,010 58 
FO P-J 20 7 15 — 23/+ 2 690/1,010 





























The compounds were given by intraperitoneal injection starting one ow after bilateral transplantation of the tumours. The tumours were 


measured in two diameters with calipers and their volumes 
ments of the tumours. The tumours were : 


sarcoma 180 (S-180), sarcoma Al (4-1), and 755 mammary ade 


agreement between volume and weight measure- 


here was a g 
(755) in mice, and 


the Flexner-Jobling carcinoma (F-J) in rats. Five mice and four rats in each group. 


Table 2. EFFECT OF 5-FLUORO-URACIL (FU) AND 5-FLUORO-OROTIC ACID (FO) ON THE SURVIVAL OF RATS AND MICE BEARING TRANSPLANTED 
ASCITES TUMOURS AND THE L-1210 LEUKAEMIA 


























Dose No. days we Average Survival Extremes Per cent of 
Compound Tumour mgm./kgm. treated contro. treated 1 ¢ controls 

FU Ehrlich 140 1 10-0 16-0 8-12 14-20 160 
FU Ehrlich 20 7 16-6 69 -6* 15-18 100 

FO Ehrlich 105 1 10-0 170 8-12 13-19 170 
FO Ehrlich 15 7 136 160 10-20 1-25 118 
FU Yoshida 125 1 10-5 19-5 9-13 16-23 185 
FU Yoshida 25 7 106 32 -8t 9-13 13-44 312 
FO Yoshida 125 1 10-5 27-3t 9-13 12-42 260 
FO Yoshida 7 105 18°3¢ 9-13 14-29 174 
FU L-1210 25¢ 10 8-1 11-6 7-9 10-12 1 

FO £-1210 12-5 10 8-1 13 2 7-9 12-14 162 




















The compounds were given by ae toneal injection starting one day after transplantation. Five mice and four rats in each group. 
killed 1 


* Two of five mice were days and were tumour-free. 
+ Some of these rats had solid tumours. 


+ Treatment was started by subcutaneous injection (remote from tumour) 3 days after transplantation (10 mice/group). 
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Table 3. QUANTITIES OF COMPOUNDS REQUIRED TO PRODUOB 100 PER 
CENT GROWTH INHIBITION OF Lactobacillus leichmanii IN 17 HR. 


No. 4561 





Compound yvgm./ml, medium 
5-Fluoro-uracil 0-02 
5-Bromo-uracil 100 
5-Fluoro-orotic acid 0-5 
5-Fluoro-cytosine 0-1 
2-Thio-5-fluoro-uracll 10 


5-fluoro-uracil in a cylinder-plate test procedure 
(we are indebted to Dr. J. Berger for these tests) 
exerts a marked inhibitory effect on the following 
organisms, three of which are Gram-negative : 
Streptococcus faecalis, Bacillus simplex, E. bacillus, 
Sarcina lutea, Bacillus subtilis, Staphylococcus aureus, 
B. cereus, B. megatherium, Escherichia coli, Proteus 
vulgaris, Azotobacter vinelandii and S 

brevicaulis. The activity against Proteus vulgaris is 
half that of streptomycin. In addition, 5-fluoro- 
uracil has profound activity when tested in. semi- 
synthetic media against Lactobacillus leichmanii, 
Saccharomyces carlsbergensis, L. arabinosus, L. casei 
and S. faecalis. The concentrations of various com- 
pounds required to produce 100 per cent growth 
inhibition of L. leichmanii in 17 hr. in the U.S.P. XV 
vitamin B,, assay medium supplemented with 
vitamin B,, are shown in Table 3. It is evident that 
5-fluoro-uracil exhibits greater than 5,000 times the 
activity of 5-bromo-uracil, five times the activity of 
5-fluoro-cytosine, and twenty-five times the activity 
of 5-fluoro-orotic acid. The thio compound is con- 
siderably less potent. With L. leichmanii, the 
inhibitory activity of 5-fluoro-uracil was reversed, in 
order of decreasing activity, by thymidine, thymine, 
5-methyl-cytosine, uracil and cytosine. The quantity 
of thymine or thymidine required for 50 per cent 
reversal of the inhibition by 0-01-0-1. ugm. of 
5-fluoro-uracil/ml. was 0-3 ugm./ml., which indicates 
a non-competitive relationship. On the other hand, 
uracil exhibits a competitive reversal, although the 
levels are much higher (35 pgm./ml. for 0-01 ugm./ml. 
of 5-fluoro-uracil and 250 ugm./ml. for 0-1 ugm./ml. 
of 5-fluoro-uracil). This suggests that 5-fluoro-uracil 
may interfere with the methylation of pyrimidines 
(vide infra). 

With £. coli, K-12, 5-fluoro-uracil produced a 
50 per cent inhibition of growth in a synthetic 
minimal medium at a concentration of 2 ugm./ml. 
and nearly complete inhibition with 20 ygm./ml. 
These inhibitions were completely reversed by 
20 pgm./ml. of uracil, but were not affected by 
thymine or thymidine (Ledberg, J., private com- 
munication). It appears that 5-fluoro-uracil is block- 
ing different metabolic pathways in these two 
organisms. 

In a consideration of possible mechanisms whereby 
5-fluoro-uracil might exert its tumour-inhibitory 
properties the two most likely possibilities seemed to 
require either the incorporation of the compound 
into nucleic acids, such as is found with 8-azaguanine*® 
and perhaps 6-mercaptopurine’, which might result 
in @ non-functional or damaging ‘fraudulent’ nucleic 
acid, or the blockage of the incorporation of various 
normal precursors into nucleic acid pyrimidines or 
possibly coenzymes. Indeed, both these mechanisms 
might operate simultaneously, and they are currently 
under investigation. 

5-Fluoro-uracil-2-'*C has been synthesized’, with a 
specific activity of 23-5 uc./mgm., and 4-5 mgm. was 
injected intraperitoneally into each of four mice with 
the Ehrlich ascites tumour. After 12 hr., during 
which time there was considerable radioactivity in 
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the respiratory carbon dioxide and in the urine, the 

were killed and the livers, spleens and 
ascites cells were obtained. The mixed sodium 
nucleates were isolated by hot sodium chloride 
extraction’, were dissolved and re-precipitated to 
constant specific activity to remove any adsorbed 
impurities, and were then dialysed for 18 hr. against 
distilled water. After lyophilization, the samples 
were hydrolysed to the free bases with 9N per- 
chloric acid at 95° for 1 hr.. The bases were 
separated by ion-exchange chromatography on 
‘Dowex-1’—chloride according to the procedure of 
Cohn!*. On this column (1 cm. x 20 cm.), the bases are 
found in the following tubes (10 ml. vol.): cytosine 
(3-10), uracil (50-56), thymine (69-76), 5-fluoro- 
uracil (90-115) and guanine (164-170). When this 
procedure was carried out on the labelled pyrimidines 
from the nucleic acids of liver, spleen and ascites 
cells, essentially all the radioactivity was found in 
the 5-fluoro-uracil region, although no ultra-violet 
absorption could be detected. To gain additional 
criteria of purity and identity, carrier 5-fluoro-uracil 
was added to the material from the proper region of 
the first chromatogram, and was re-chromatographed 
in the same system. The radioactivity was found 
only in the 5-fluoro-uracil peak, which was then 
chromatographed on a ‘Dowex-l’-formate column. 
The substance was applied to the column at pH 11, 
and eluted with a gradient of 0-2N formic acid’. 
Again, all the radioactivity was contained in a single 
peak. This material, after drying, was run on a 
paper chromatogram with a butanol-formic acid 
system? that resolves 5-fluoro-uracil from the other 
bases, and all the radioactivity was contained in a 
single spot with Rp of 5-fluoro-uracil. These various 
methods of purification establish firmly that 5-fluoro- 
uracil is incorporated into the nucleic acids as 
such. Further work is currently aimed at the 
separation of deoxyribonucleic acid and ribonucleic 
acid and the determination of the radioactivities 
therein. 

The results given in Table 4 show the total and 
specific activities of the various bases from the 
nucleic acid hydrolysates. It was impossible to 
determine the specific activity of the 5-fluoro-uracil, 
because before the addition of carrier there was 
insufficient ultra-violet absorption with the charac- 
teristics of the compound to permit analysis. The 
results also show that there is an insignificant de- 
fluorination to uracil, which is incorporated into 
nucleic acids*, The small radioactivity in the cyto- 
sine, uracil and thymine could have arisen by fixation 
into carbon 2 of some of the labelled respiratory 
carbon dioxide. 

Table 4. RADIOACTIVITIBS OF COMBINED NUCLEIC ACID 


PYRIMIDINES 
FROM MICE INJECTED NEALLY WITH 4°5 MGM. OF 
5-FLUORO-URAOCIL-2-"“C AND KILLED 12 HR. LATER 








Total c.p.m. C.p.m./uM 
Liver 
Cytosine 1,300 450 
Uracil 4,200 825 
Thymine 820 1,025 
5-Fluoro-uracil y 
Spleen 
ine 1,600 1,600 
racil 83 114 
Thymine 0 0 
5-Fluoro-uracil 12,000 
Ehrlich ascites cells 
ine 2,900 683 
racil 2,300 482 
Thymine 1,700 512 
5-Fluoro-uracil 175,000 
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Table 5. SPECIFIC ACTIVITIES OF THYMINE FROM THE NUCLEIC ACIDS 
oF LIVER, SPLEEN AND EHRLICH ASCITES TUMOUR CELLS 





Thymine specific activity 














| 
| . 
| Group _¢.p.m./uM (per cent inhibition) 
| Liver Spleen Ascites cells 
} } | 
Control 184 F 1,610 2,420 | 
5-Fluoro-uracil 44 (76%) 90 (94-4%) 136 (94°4%) 
treated | 
|  §-Fluoro-orotic 45 (76%) | 74(95-4%)| 117 (95-2% 
treated 








| 





Three mice in each group, each given an intraperitoneal injection of 

4°8 we. (4°8 ) of sodium formate-"*C. The control group was given 

no drug. e 5-fluoro-uracil and 5-fluoro-orotic acid treated groups 

received 150 mgm./kgm. and 105 mgm./kgm. intraperitoneal injections, 

respectively, 30 min. before formate administration. The animals 
were killed 12 hr. after the formate injection 


The urine from these mice was fractionated by 
charcoal and ion-exchange. It was demonstrated by 
carrier chromatography that 30 per cent of the 
radioactivity was present as 5-fluoro-uracil. 

To determine the effects of 5-fluoro-uracil and 
5-fluoro-orotic acid on pyrimidine biosynthesis, our 
attention was directed first to a study of the incor- 
poration of labelled formate into the methyl group 
of thymine’. Since the fluorine atom is located in 
the same position in the pyrimidine ring as the 
methyl group of thymine, it seemed reasonable to 
suppose that these drugs might block this conversion. 
That this is actually so is shown in Table 5. Three 
groups of three mice each were injected with labelled 
sodium formate; one served as a control, one was 
treated with 5-fluoro-uracil, the other with 5-fluoro- 
orotic acid 30 min. before formate administration. 
Twelve hours after the formate injection the mice 
were killed and the livers, spleens and ascites cells 
from each group were pooled. ‘The mixed sodium 
nucleates were isolated, hydrolysed to the free bases 
as above, and the hydrolysate was treated with 
columns of ‘Dowex 50’ and charcoal in order to purify 
the pyrimidines, which were separated on paper, 
using the system mentioned above. The specific 
activities of the thymine samples were determined 
by counting and ultra-violet absorption measure- 
ments. There was insignificant radioactivity in the 
cytosine and uracil samples. It will be seen that 
both drugs inhibited almost completely the con- 
version of formate to the methyl group of thymine 
in spleen and ascites cells, where active deoxyribo- 
nucleic acid synthesis occurs, and to a somewhat 
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lesser extent in liver, where there is only slight 
biosynthesis of deoxyribonucleic acid. Similar 
experiments with other pyrimidine and nucleic acid 
precursors, both in vivo and in vitro, are currently 
under way in an attempt to elucidate the mechanism 
of action of these drugs. 

This preliminary report has directed attention to 
the biological activity and tumour-inhibitory pro- 
perties of some 5-fluorinated pyrimidines, a new 
class of antimetabolites. Certain facets of a pro- 
gramme aimed at the biological evaluation of newly 
synthesized members of this series and their deriva- 
tives and studies of the metabolism and mechanism 
of action of the active compounds have been pre- 
sented here, all aimed at their eventual clinical 
exploration in human cancer. 

This work was supported in part by a grant-in-aid 
from the Wisconsin Division of the American Cancer 
Society, a grant C-2832 from the National Cancer 
Institute, National Institutes of Health, U.S. Public 
Health Service, and by a grant-in-aid from Hoffmann- 
LaRoche, Inc. 
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AN ‘AUTO-IMMUNE’ REACTION AGAINST HUMAN TISSUE ANTIGENS 
IN CERTAIN CHRONIC DISEASES 


By D. CARLETON GAJDUSEK 


Walter and Eliza Hall Institute of Medical Research, Melbourne, Australia 


SING saline suspensions of finely homogenized 
human tissues as antigens, it has been possible 
to demonstrate specific complement fixation, in some 
cases in extraordinarily high tit e, with human sera 
from patients suffering from a number of different 
diseases. 
The human antigens were prepared from tissues 
removed as soon as possible post mortem. A finely 


ground 10 per cent suspension in physiological saline 
was clarified by three centrifugations at moderate 
speed, and in most tests the crude supernatant fluid 
was used as antigen. The effective agent was after- 
wards associated with material almost completely 
sedimented at 35,000g for 45 min. 

Rat tissue extracts were prepared in similar 
fashion. 
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Table 1. Commnay FIXATION REACTIONS OF HUMAN SERA WITH 
HUMAN LIVER ANTIGEN 
| Subjects Per- | 
| Clinical condition Total Negative Titre Titre | centage 
| 4-16 » 32 | positive | 
| Normal 21 20 1 0 5 | 
Miscellaneous | 
| diseases 124 122 2 0 2 
| om 
Disseminated lupus 
erythematosus 11 2 7 2 82 | 
Lupoid hepatitis 4 1 i 2 75 | 
Other chronic 
hepatitis 25 14 10 1 44 | 
Macroglobulinemia 5 3 0 2 40 | 
| 





| 


The complement fixation method used was based 
essentially on that of Donnelley’, two 50 per cent 
hemolytic units of complement being used and 
fixation carried out at 37° C. for 30 min. Comple- 
ment was always titred in the presence of antigen. 
The chief modification was the use of ‘Perspex’ trays 
with multiple cups instead of the conventional tubes. 
A full range of serum and antigen controls was 
included in all tests. Titres were read as the highest 
dilution giving 2+ fixation or greater. 

Table 1 summarizes the results of complement 
fixation reactions using human liver antigen on sera 
from 190 subjects. It will be noted that high titre 
reactions (that is, above 16)—presumably reflecting 
auto-antibody levels—were found only in a few 
pathological conditions, namely, disseminated lupus 
erythematosus, ‘lupoid hepatitis’ (vide infra), other 
types of chronic hepatitis, and macroglobulinzemia. 
Furthermore, positive reactions were rare in sera 
from normal subjects or in sera from patients suffering 
from @ variety of other acute and chronic diseases, 
including acute upper respiratory infections, influ- 
enza, bronchopneumonia, chronic bronchitis, bron- 
chiectasis, malignant neoplasms (including chronic 
lymphatic leukemia, lymphosarcoma, and meta- 
static carcinomata), aplastic anemia, sarcoid, 
chronic pancreatitis, chronic gastritis, duodenal 
ulcer, acute infectious hepatitis, serum sickness, 
myxcedema, familial xanthomatosis, essential hyper- 
tension, myocardial infarction, and pernicious 
anemia. In various collagen diseases, not included 
in Table 1, a few low-titre positive reactions were 
encountered. These will be further discussed in a 
later communication. 

Table 2 presents the reactivity of representative 
high-titre sera to human liver, kidney and muscle 
and to rat liver and kidney antigens. It will be noted 


that certain sera have exceptionally high titres, of 


more than 1,000, to several of the antigens. These 
results were confirmed by starting titrations with an 
accurately prepared 1 : 1,000 dilution of serum. Sera 

















Table 2. REACTIVITY OF SOME HIGH TITRE SERA 
Human antigens Rat antigens 

Patient Diagnosis Liver Kidney Muscle| Liver Kidney 
J.G. Disseminated 128 128 128 250 250 

lupus 

erythematosus 
E. C. ” 32 64 8 8 4 
E.M. | Lupoid hepatitis} 1,000 2,000 1,000 250 4,000 
F. A. oo e 64 16 8 § 16 
M. B. | Chronic biliary 1,000 1,000 128 32 500 

cirrhosis, non- 

obstructive 
CJ; ee 32,000 2,000 8,000 | 4,000 16,000 

emia 











E. W. - 500 «1,000 2,000 | 2,000 500 
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are now being studied with a variety of other human 
and animal tissue antigens. Sera negative to liver 
and kidney antigens generally remain negative with 
other tissues. Occasional exceptions, such as the 
rather frequent reactivity of acute infectious hepatitis 
sera collected in the second to fourth week of illness 
with muscle and kidney and not with liver, have been 
noted. 

Cold agglutinin, heterophile antibody, Wasserman, 
Kahn, and Weil Felix (Proteus OX 19 and OX K) 
reactions, direct Coombs test for incomplete anti- 
body, and specific agglutination reactions to Salmon- 
ella typhi H and O antigens and Salmonella paratyphii 
A and B antigens and to Brucella abortus were carried 
out on a number of these highly positive sera. 
Heterophile antibody titres on all these sera were 
within the normal range (that is, below 1 : 64). One 
serum (patient E. M.) highly positive to human 
antigens showed a weak cold agglutination reaction, 
undiluted only. In no other instance were any of 
these reactions positive. Thus, this auto-immune 
complement fixation reaction is not regularly associ- 
ated with any of the above reactions nor was it 
possible to associate it with positive cephalin floc- 
culation tests. 

Gamma globulin precipitated from a number of 
positive sera appeared to possess all the activity of 
the sera. In one macroglobulinemia serum (patient 
C. J.) the activity was demonstrated to reside 
exclusively in the eluate of the macroglobulin and 
gamma globulin band on paper electrophoresis and 
not in similar eluates of other serum protein 
components. Furthermore, macroglobulin, three 
times precipitated by water dilution to low ionic 
strength, was found to contain all the activity 
of this extraordinarily high-titre serum. On the 
other hand, purified gamma globulin from pooled 
human plasma did not react with any of the 
antigens. 

It is generally accepted that species-homologous 
tissue components are not antigenic. Nevertheless, 
auto-immune mechanisms of pathogenesis have long 
been suspected in a number of pathological con- 
ditions, especially in those referred to as the ‘collagen 
diseases’-—-which include rheumatic fever, rheumatoid 
arthritis, dermatomyositis, scleroderma, acute glom- 
erulonephritis, disseminated lupus erythematosus 
and periarteritis nodosa. Similar auto-immune 
mechanisms have been suggested for certain types of 
purpura, hemolytic anemia, encephalomyelitis and 
Hashimoto’s disease (lymphadenoid goitre) and for 
certain forms of chronic hepatitis, including the 
so-called ‘lupoid hepatitis’ recently described by 
Mackay, Taft and Cowling’. In some patients 
suffering from Hashimoto’s disease, Roitt et al.* 
have demonstrated a precipitin reaction between the 
patient’s serum and purified thyroglobulin. 

The positive findings with complement fixation 
reported above could be interpreted on classical lines 
as evidence of the production of antibodies against 
certain components of human tissue. Presumably 
such components might become antigenic either 
because of some modification of chemical pattern by 
viral or toxic action, or conceivably because com- 
ponents normally inaccessible to immunological 
processes have in some way been rendered access- 
ible. 

The alternative interpretation is that we are 
dealing with an adventitious reactivity of serum 
globulins not arising as a specific response to tissue 
antigen. 
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It is not possible to decide between these two 
concepts on the available evidence. The serum 
reagent undoubtedly has many of the properties of 
typical antibody. It has been shown to be present 
in the globulin fraction of several positive sera. Its 
heat stability at 56° C. with increasing destruction 
above 60° C. is in line with the usual behaviour of 
human complement fixing antibody. So also is the 
presence of typical prozones in antigen titrations. 
On the other hand, the reproducible, but at the 
present time inexplicable, differences among sera in 
their reactivity with antigens from different tissues 
seems unlikely to be the result of a unique antigen 
stimulus. This might seem to favour the view that 
the reactivity of the globulins in these cases is not 
immunological in origin. However, in experiments 
using rabbits, guinea pigs and rats immunized by 
simultaneous intraperitoneal, intradermal and sub- 
cutaneous injections of human liver antigen, there 
afterwards developed high-titre complement fixation 
antibody responses to human kidney antigens of at 
least as high and often of higher titre than to the 
liver antigen which had been injected. Furthermore, 
rabbits and guinea pigs immunized with human liver 
or kidney suspensions developed complement fixation 
antibodies to several other human tissue antigens 
(namely, muscle, adrenal, thyroid) and to rat liver, 
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kidney and spleen antigens as well. In some cases 
the titre to these other antigens, including those 
from rat tissues, exceeded that to the human 
immunizing antigen. 

Positive sera have generally been found in patients 
suffering from illnesses characterized by hyper- 
globulinemia. It has thus far been impossible to 
find significant correlation between positive reaction. 
and any other factor in the serum of these patients 
than the alteration in the serum globulin patterns. 
The presence of these reactions almost exclusively in 
diseases wherein self-inflicted immunological damag» 
has long been suspected further incriminates such 
mechanisms of pathogenesis. 

1 wish to thank Sir Macfarlane Burnet, director of 
this Institute, and Dr. Ian Wood, director of the 
Clinical Research Unit of this Institute, for thei: 
encouragement and advice throughout this study ; 
Dr. I. R. Mackay for considerable assistance in 
collecting appropriate clinical specimens ; and Miss 
Lois Larkin for her technical assistance. This 
research was supported by the National Foundation 
for Infantile Paralysis, Inc. 

a Dowwenth’ Margaret, Austral. J. Exp. Biol. and Med. Sci., 29, 137 
* Mackay, I. R., Taft, L. T., and Cowling, D. C., Lancet (in the press). 


* Roitt, I. M., Doniach, Deborah, Campbell, P. N., and Hudson, R. V., 
Lancet, ti, 820 (1956). 





ELECTRIC CONDUCTIVITY AND CATALYTIC ACTIVITY OF 
SEMICONDUCTING OXIDE CATALYSTS 


By Pror. A. BIELANSKI, J. DEREN and J, HABER 
Inorganic Chemistry Department, School of Mining and Metallurgy, Mickiewicza 30, Cracow 


T is generally accepted that the catalytic activity 

of @ semiconducting catalyst is strongly influenced 
by its electronic state and that there must exist some 
relation between the catalytic activity of the semi- 
conducting catalyst and its electric conductivity’. 
Until recently, however, no measure- 
ments of the electric conductivity of 
such catalysts in the course of the 


during the course of the catalytic dehydrogenation of 


ethanol. The oxides used as catalysts were n-semi- 
conductors (ZnO, Fe,0;) as well as p-semiconductors 
(Cr,0;, MgO, NiO) and their mixtures. Several 1 -5-gm. 
pellets of catalyst were placed in a reaction chamber, 


mano, 





catalytic reaction have been carried 
out. Matveev and Boreskov? have 
found that there exists a parallelism 
between the change of the electric con- 
ductivity of,zine oxide catalyst and its 
catalytic activity in the course of de- 
hydrogenation of methanol. Miasnikov 
and Psheshezky* obtained similar re- 
sults in the case of the dehydrogenation 
of ~zsopropyl alcohol on the same 
catalyst. These authors were able to 
ascertain a parallelism between the 
simultaneous changes of conductivity 
and yield of the catalytic reaction ; 
they did not, however, investigate the 
form of the relation between the two 705 
values. 

In our investigations, the first results 
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of which were published‘ at the same s 


time as those mentioned above**, we 
studied the electric conductivity of 
various semiconducting oxide catalysts 
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one of them being inserted between two platinum 
electrodes which onibiad the direct measurement of 
the electric conductivity during the course of the 
catalytic reaction. After the reaction chamber had 
been evacuated to a pressure of about 1 mm. mercury, 
a steady current of vapours of a 20 per cent (vol.) 
water—alcohol mixture was passed through it. The 
vapours emerging from the tube were condensed in 
a freezing condenser. Under our conditions we found, 
besides alcohol and water, practically only acetalde- 
hyde in the condensation products. 

The electric conductivity was measured with an 
a.c. linear bridge with amplification. 

There was always quite an appreciable change in 
the conductivity of the catalyst after the vapours of 
the water—alcohol mixture had been introduced into 
the apparatus. The change of the logarithm of the 
conductivity | A logo | was of the order of several 
units. The conductivity of the catalysts consisting 
of the n-conducting oxides ZnO, Fe,O, or their mix- 
tures increased during 5-10 min. up to a constant 
level, as shown in Fig. 1, curve I (catalyst ZnO, 
temperature 400° C.). When the current of flowing 
vapour was cut off and air again introduced at a 
pressure of 1 mm. mercury, the conductivity dropped 
to its initial value. With the p-conducting catalysts 
NiO, Cr,O; (up to 450° C.) or with the MgO-Cr,0, 
mixtures, we observed the reverse, namely, the con- 
ductivity decreased to a constant value, as shown in 
Fig. 1, curve IT (catalyst Cr,0,, temperature 350° C.). 

Chromium oxide (Cr,0;) above 450° C. showed a 
certain anomaly. Its conductivity at first decreased 
and then increased to a value higher than the initial 
one, as is shown by curve III in Fig. 1. Such 
behaviour can be explained by assuming the tran- 
sition of p-type conductivity of Cr,0, to n-type due 
to the shifting of the Fermi level after the exposure 
of the catalyst to reacting vapours (Haber, J., thesis). 

In the case of mixtures of n-type and p-type con- 
ducting oxides, both types of loge changes were 
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found, depending on which of the two oxides was 
predominant in the composition. 

Fig. 2 shows the influence of the temperature on 
the change of logo (value of | Alogo|) in the 
course of the catalytic reaction on the surface of the 
ZnO + Fe,0, catalyst (full line), as well as the 
influence of temperature on the catalytic reaction 
yield r (dotted line), the amount (mgm.) of acetalde- 
hyde formed when 20 ml. of a water—alcohol mixture 
was passed (after the conductivity reached its constant 
value) being taken as a measure of the reaction. The 
parallelism of both curves suggests a close relation 
between the r and | A logo | values. In fact, in all 
cases we could confirm that the plot of r as a function 
of the absolute value of | A logo | was either linear 
or consisted of two linear portions (Fig. 3). 

The factor A in the equationr = A.| Alogo| +B 
expressing the linear relationship of r and | A logs | 
was in all cases positive except in the case of Cr,O;, or 
Cr,0,-rich MgO-Cr,0, and ZnO-Cr,0, catalysts, as 
well as some inactive industrial catalysts which gave 
negative A values*. 

It is quite striking that the linear relationship of 
r and | A loge | is independent of temperatufe, that 
is, that the points which fall on the same line corre- 
spond to the measurements carried out at various 
temperatures. 

The most probable explanation of this is the 
assumption that the catalytic reaction yield, as well 
as the number of electrons which were transferred to 
or taken out of the catalyst, are functions only of 
the number of molecules which were chemisorbed by 
the catalyst. It also seems that we may expect that 
the electronic state of the catalyst before the catalytic 
reaction has started, which is determined by the 
quantity of all kinds of impurities, will influence the 
factors A and B. 


1 Hauffe, K., “Advances in Catalysis”, 7, 213 (1955). 
* Matveev K. and Boreskov, S., “Problemy kinetyki i kataliza”, 8 
165 (Moscow, 1955). 
. aa 5, I., and Psheshezky, 8., “Problemy kinetyki i kataliza”, 
, 175 (Moscow, gs ). 
Blelada A., Deren, J., Bull. Acad. Polon. Sci., 
1. III, 3, 223 and "say (loesy Dares, rie Haber, J., and Mrowec, 
5. * ibid., 4, 107 (1956). Bielatiski, A., Deres, J., Haber, J., and 
Mrowee, S., ibid., 4, 533 (1956). 
5 Bielanski, A., Dereri, J., and Haber, J., Przemysl Chem., 12, 642 (1956)_ 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Use of Gamma Radiation for the Destruction 
of Wood-boring Insects 


COMPLETE eradication of wood-boring insects in 
timber in buildings is difficult to achieve, particularly 
in structural members of large dimensions, often 
imaccessible for thorough surface treatment. More- 
over, the value of insecticidal fluids and of fumigants 
is restricted by the impenetrability of many timbers 
and varies according to the species of insect and 
extent of attack. Radiation treatments may offer 
& means of reducing this problem of penetration, 
especially in large built-in timbers, such as oak 
infested by the death-watch beetle, but before their 
possible application in practice can usefully be con- 
sidered, accurate data are required upon the effect 
of different dosages on the various stages of develop- 
ment of the insects. 

With the object of obtaining this information, a 
series of experiments on a laboratory scale has been 
undertaken, and is still in progress, at the Forest 
Products Research Laboratory in co-operation with 
the Atomic Energy Research Establishment, Harwell, 
where the radiation treatments of experimental 
material are carried out. The investigations have 
so far been confined to insects free from wood or 
within samples approximately half an inch in thick- 
ness. The powder-post beetle, Lyctus brunneus 
Steph., which will complete its life-cycle in three to 
four months in oak sapwood at 25° C. and, 75 per cent 
relative humidity, was used in the initial work ; but 
this has now been extended to include the common 
furniture beetle, Anobiwm punctatum Deg., and the 
death-watch beetle, Xestobium rufovillosum Deg., 
both of which are more difficult to handle in the 
laboratory. 

The following brief summary of the results to date 
indicates the possibilities and limitations of this type 
of treatment for the destruction of wood-boring 
insects : a progress report giving fuller details is being 
published elsewhere'. 

Using cobalt-60 as a source of gamma rays and 
measuring dosages in réntgens, it has been found 
that the eggs of Anobium and Xestobium can be 
killed by exposure to 4,000 r., if irradiated within 
one to four days of laying, but that their resistance 
increases rapidly as they develop. For example, 
dosages between 48,000 and 68,000 r. are necessary 
to kill mature eggs of Anobiwm, and in excess of 
32,000 r. for Xestobium; but there are indications 
that eggs irradiated at much lower dosages give rise 
to larve which do not survive. High dosages are 
needed to kill larve of Lyctus quickly, but their 
development is arrested by treatment at 8,000 r. 
Incomplete results are available for Anobium 
larve, but it appears likely that their reaction is 
similar: the larve of Xestobiwm have not yet been 
studied. 

Irradiation of Lyctus adults at dosages up to 
48,000 r. did not inhibit egg-laying ; but after treat- 
ment of both sexes of Anobium, Lyctus and Xestobium 
at 8,000 r. no fertile eggs were laid. Of the insects 
studied, only in Xestobiuwm do the adults remain for 
several months within the timber before emerging, 
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and this may be an important practical consideration 
in relation to the period during which infested timber 
containing adults as well as larve could most 
effectively be irradiated. Further work, with par- 
ticular reference to this insect, is justified by the 
results so far obtained and is now in progress. 


The investigation forms part of the programme of 


the Forest Products Research Board and is published 
by permission of the Department of Scientific and 
Industrial Research. We thank Dr. W. Wild, officer- 
in-charge of the Radiation Chemistry Group, Atomic 
Energy Research Establishment, Harwell, for the 
facilities provided by his Department and for his 
co-operation. 

J. D. Buetorty 

Ronatp C. FIsHEr 


Entomology Section, 
Forest Products Research Laboratory, 
Princes Risborough, 
Aylesbury, Bucks. 
Jan. 18. 


+ Bletchly, J. D., Xth Int. Congr, Ent., Canada, 1956 (in the press). 


Lethal and Sterilizing Effects of Gamma 
Radiation on Insects infesting Cereal 
Commodities 


Insects infesting stored foodstuffs have been 
treated with y-radiation from cobalt-60 sources!* and 
with accelerated electrons from a Van de Graaff 
generator*-*. Results have shown that cathode-, 
y- and X-rays are comparable in their efficiency in 
destroying insects**. The design, operation and cost 
of constructing irradiation facilities for research 
purposes® and for the treatment of bulk foodstuffs 
on & commercial scale’* have been detailed. 

Research into the potentialities of radiation con- 
trol of insect pests has been stimulated in the United 
Kingdom by the advent of high-fiux y-sources ; these 
will be developed within the next few years from 


Table 1 
L hl. inutus (Oliv.) 
phi Serrugi (Steph. ) 





Calandra oryzae (L.) 

Calandra granaria (L.) L 

Rhizopertha dominica (F.) Laemophloeus turcicus Grouv 

Tribolium castaneum (Herbst.) Laemophloeus pusilloides Steel and 

Tribolium confusum Duv. Howe 

Oryzaephilus surinamensis (L.\ DL ph gand. Steel 

Oryzaephilus mercator (Fauv.) How: 

Trogoderma granarium Everts. Ephestia elutella ( . ) 
Ephestia kiihniclla Ze 


Callosobruchus chinensis (L.) 
Sitotroga cerealella (oliv. ) 





and 





Table 2. MEAN ADULT EMERGENCE OF IRRADIATED IMMATURE STAGES 
IN THREE TREATED CULTURES AND THE CONTROL 























Dose (rep) 2 x 10 5 x 10* 

Days after treatment 17 iw 77 | 
- Species “Trra adiated Control “Irradiated | Control | 
“C. granaria <1 | (884 o | 1,552 
C. oryzae 7 | ag} - ed 5,004 
| R. dominica 19 | 566 0 1,250 
| 7. eastaneum 8 | 624 0 331 
T’. confusum 61 | 161 | 0 184 
O. surinamensis | 175 1,599 | 0 116 
4 a 4 | 20 | 477 0 “ 

errugineus 10 6 0 
S. ce vealile | 327 4,500 | <1 963 
E. tihniella 3 108 | 0 83 
| B. elutella <1 27 | + al 18 
T.. granarium* | 732} 38 | 0 4 








es * Cultured on unfavourable food media to assist routine examina- 
ions. 
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92, 98 and 100 per cent in 
the control cultures. There 
was no lethal effect on adults 
of R. dominica, T. confusum, 
T. castaneum and L. ferru- 
gineus. Adults of O. surin- 
amensis showed an atypical 
result ; all were killed after 
ten days compared with 84 
per cent survival in the 
control. 

In the second trial, im- 
mature stages and 300 adults 
of each species were irradiated 
in culture media at 5 x 104 
rep. Table 2 shows that very 

ew immature insects emerged 
as adults. Larvez of T. cast- 
aneum, O. surinamensis and 
L. ferrugineus remained alive 
for 14 days after irradiation 
and larve of HE. kiihniella and 
T. granarium failed to pupate 





Days after irradiation 


Fig. 1. Survival of adults after treatment with 5 x 10‘ rep y-radiation, The results have been 
corrected for mortality in the controls 


available fission products, formed as by-products of 
the nuclear power industry. To investigate the effect 
of y-radiation on a variety of insects which infest 
cereal commodities, seventeen species (Table 1) have 
been irradiated at the Atomic Energy Research 
Establishment using a cobalt-60 source, which pro- 
vided a dose-rate of 6 x 10° r.fhr. A range of doses 
has been studied to determine the levels required 
to kill and to inhibit reproduction. A comparison 
has also been obtained of the tolerance of the various 
species. 

In the first trial, approximately equal numbers of 
immature stages of twelve species were irradiated 
in culture media at 2 x 10* rep. The results in 
Table 2 show that there was a reduction in em>2rgencs 
of adults in the irradiated 
cultures. Insects which sur- 
vived the treatment were 
sterile. The vast majority of 
these emerged during the first 
17 days after irradiation, 
which suggests that growth of 
young larve had been in- 
hibited and that only pup 
and late larve completed 
their development. Trra- 
diated larve of Ephestia spp. 
remained alive for many 
weeks, but failed to pupate. 
Similar results have been 
obtained with X-rays*. Live 
larve of T. granarium were 
present in irradiated cultures 
three months after treat- 
ment. 

Samples of 300 adults of 
eight species were also irra- 
diated at 2 x 10‘ rep. Ten 


100 


Survival (per cent) 


20 ; 





after 77 days. The lethal 
effect on adults is shown in 
Fig. 1; ZL. minutus and C. 
oryzae were among the most 
susceptible species. 7’. cast- 
aneum and R. dominica were the most resistant. 
Adults of all species were sterilized at this dose-level. 

A third trial was carried out to study the tolerance 
of thirteen species to sterilizing doses. One hundred 
adults of each species were irradiated without food 
at each of four levels, 1-5, 3-0, 4-5. and 6-0 x 10° rep, 
and transferred to non-irradiated culture media. 
Examination of the cultures at intervals over a 
period of a hundred days showed that adults of 
L. minutus were sterilized at 4-5 x 10° rep. Adults 
of C. oryzae, L. pusilloides, L. ferrugineus, L. ugandae, 
R. dominica and C. chinensis were sterilized at 
6-0 x 10? rep, and at 4-5 x 10° rep progeny were 
represented by two or three individuals only. Adults 
of C. granaria, L. turcicus, O. mercator, O. surin- 
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days after treatment the per- 0 
centage survival of L. min- 
utus, CO. oryzae and OC. gran- 
aria was 23, 71 and 94, 
respectively, compared with 
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Fig. 2. Survival of adults‘after treatment with 6 x 10* rep a. The results have been 
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amensis, T. confusum and 7’. castanewm were not 
sterilized at the highest dose-level. These produced 
very few offspring and correspondingly larger numbers 
were produced after treatment at 4-5 x 10° rep 
than by the more susceptible species. All species 
irradiated at 3 x 10* rep showed a significant 
reduction in fertility compared with non-irradiated 
adults. 

The lethal effect of treatment is shown in Fig. 2 (the 
thirteenth species, C. chinensis, is short-lived in the 
adult stage). Except for O. surinamensis, which has 
given anomalous results in previous experiments, 
species show close agreement in their order of toler- 
ance (cf. Fig. 1). The five species of Laemophloeus 
exhibit survival curves characteristic of the genus 
and show a wide range in susceptibility, comparable 
in magnitude to differences in tolerance between the 
genera Calandra and Tribolium. The survival curve 
for R. dominica is an exception to the graded series 
provided by the other species, but the significance 
of this is not clear. 

These studies have shown that irradiation prolongs 
the duration of larval stages; doses greater than 
2 x 10* rep are required to prevent the emergence of 
adults from irradiated pupz. The irradiation of 
adults at the highest experimental level, 5 x 10* rep, 
produces no immediate ‘knock down’ effect. The 
most susceptible species are L. minutus, C. oryzae and 
C. granaria. Increasing the dose from 6 x 10* to 
5 x 10* rep produces only a slight reduction in the 
time required to obtain 100 per cent kill. While 
the insecticidal property of radiation exposes marked 
differences in the tolerance of the various species, 
irradiation with low doses has shown that thirteen 
species are sterilized at or near 6 x 10° rep. This 
would suggest that lethal doses evoke physiological 
processes which are more complex than those involved 
in destroying germ cells. 

Adults used in these experiments were of unknown 
age, which may partly account for the anomalous 
results obtained with O. surinamensis. Future studies 
will be directed towards analysing the radiosensitivity 
of developmental stages. Temporary and permanent 
sterility will be examined together with the possible 
development of radiation resistance. 

We wish to thank the Director of the Pest Infesta- 
tion Laboratory, Department of Scientific and 
Industrial Research, Slough, for supplying insects for 
these preliminary experiments. 


P. B. CoRNWELL 
L. J. Croox 
J. O. Buti 


Technological Irradiation Group, 
Atomic Energy Research Establishment, 
Harwell, Berks. 

Jan. 20. 
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Reflexions on the Monoplacophoran, 
Neopilina galatheae Lemche 


Tue discovery of the living representative of the 
Pc nas ten of which a preliminary account by 
Dr. H. Lemche was published in Nature of February 
23, p. 413, is a zoological event of the first order. ‘Io 
a malacologist, at any rate, these dredge hauls’off 
the west coast of Mexico which secured no less than 
ten specimens with three extra shells of Neopilina 
galatheae in themselves alone more than justify the 
voyage of the Galathea around the world. 

Unquestionably a mollusc, it is no less certainly 
segmented, so throwing light on one of the darkest 
places in zoological knowledge, the ancestral history 
of that phylum. The purpose of this communication 
is not, however, to deal with such matters, which 
will doubtless be fully discussed in Dr. Lemche’s 
forthcoming account of this animal in the Galathea 
Reports, but to direct attention to certain functional 
considerations. 

In the first place, although N. galatheae is structur- 
ally by far the most primitive living mollusc yet dis- 
covered, it is surely also highly specialized in that 
it lives in abyssal depths feeding on radiolarians. It 
is suggested by Dr. Lemche that the five pairs of 
pallial outgrowths are typical ctenidia each consist- 
ing “‘of a broad and flattened stem tapering outwards, 
and 6-7 elongately triangular, flattened branches 
arising successively from the postero-medial side of 
the stem”. The molluscan ctenidium, however, is a 
structure of highly characteristic form and functions 
in &@ most precise manner’. It consists of an axis 
in which run afferent and efferent blood vessels, also 
muscles and nerves, and from which extend, alter- 
nately on the two sides, filaments into which blood 
enters from the afferent vessel and leaves by way of 
the efferent vessel. Externally, the opposed surfaces 
of the filaments bear tracts of lateral cilia which 
create a current of water from the efferent to the 
afferent side of the ctenidium, that is, against 
the flow of blood within the filaments. Cilia on the 
frontal and abfrontal (that is, efferent and afferent) 
surfaces of the filaments and on the axes are concerned 
with cleansing, although becoming concerned with 
food collection when the filaments elongate in the 
Lamellibranchia and in some Gastropoda. 

The molluscan ctenidium is one of the most success- 
ful because one of the most adaptable organs in the 
animal kingdom. It has precisely the same basic 
structure in the Loricata (chitons), Gastropoda, 
Lamellibranchia and Cephalopoda", indicating descent 
from @ common ancestor and one, moreover, in which 
the ctenidia were housed in a restricted mantle 
cavity drawing in a localized inhalant current. This 
condition remains true even where the ctenidia are 
multiplied as they are in the Loricata’. 

In N. galatheae the few ‘filaments’ come from one 
side, a pectinibranch condition found in ctenidia only 
where the axis fuses with the wall of the mantle 
cavity as it does in Mesogastropoda and Stenoglossa 
but certainly not here. Moreover, these organs in 
N. galatheae are not so disposed that they could 
function as ctenidia, although doubtless they do 
serve as gills just as, for example, do the pallial 
outgrowths in the Patellacea. Unlike the multiplied 
ctenidia of the Loricata*, they cannot make functional 
contact with one another lateraily and so divide the 
pallial grooves into a ventral and peripheral inhalant 
chamber and a more dorsal and inner exhalant 
chamber. Nor, in the absence of a girdle which can 
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be lifted locally like a skirt, can functional inhalant 
openings be created anteriorly. 

Dr. Lemche suggests that N. galatheae lives upside 
down on the surface of the bottom. Although such 
changes in disposition have occurred, notably perhaps 
in heteropods like Carinaria which swim with the foot 
uppermost and in Cassiopeia and related seyphozoans 
where the pulsations of the bell bring food to the 
animal instead of taking the animal to its food, yet 
it is difficult to see how this limpet—for in form that 
is what it is—can either attain such a posture or feed 
when in it. Moreover, it must be a deposit feeder 
and on such sparse supplies that some movement 
seems essential. While agreeing that the foot (in 
any event an organ adapted for movement over a 
hard or at least firm substratum) is probably too 
feeble for creeping, it can still serve well enough to 
prevent the animal from sinking into the substrate 
while it is moved very slowly by means of these 
pallial outgrowths which in function, as well as 
possibly ultimately in origin, it is here suggested 
may have something in common with parapodia. 
That would further include the respiratory function 
which they clearly possess. 

The fleshy structures around the mouth appear 
well suited for collecting bottom deposits in much 
the same manner as do the palp proboscides of the 
protobranch Nuculidae and Nuculanidae*. The radula 
may well have been retained, as it is, for example, in 
the ciliary feeding Calyptraeidae, for pulling in part- 
icles massed together in mucus. 

An animal living under the extreme conditions of 
abyssal depths cannot fail to be influenced by them. 
At the same time, so few animals can exist there 
at all that competition must be slight and the 
primitively organized may long survive if capable 
of modifications appropriate to existence in vast 
depths on soft ooze. Modern molluscs, in my opinion, 
can only be traced back to animals which had a 
single pair of ctenidia housed in a restricted posterior 
mantle cavity. That stage, it is suggested, was most 
probably reached in shallow water on a hard sub- 
stratum after the remote ancestors of Neopilina 
galatheae had moved down the continental shelf and 
so reached the abyssal depths, where they have since 
suffered no fundamental change. 

Fortunately, however, with this animal available 
in numbers in the region from which the Galathea 
dredged it, these and other speculations may one 
day be confronted—as likely as not confounded—by 
truth, should some future expedition bring them 
alive, with @ suitable sample of the substrate on which 
they live, to the surface. 


No. 4561 


C. M. YoncE 
University of Glasgow. 
* Yonge, C. M., Phil. Trans., 282, 443 (1947). 


* Yonge, C. M., Quart. J. Mier. Sci., 81, 367 (1939). 
* Yonge, C. M., Phil. Trans., 230, 79 (1939). 


Turn-over of Carrier-free Zirconium-89 
in Man 


In the course of @ survey of positron-emitting 
radioactive isotopes for potential use in external 
localization of human brain tumours’, zirconium-89 
(half-life, 79 hr.) was studied. Positrons with a 
maximum energy of about 0-9 MeV. and gamma 
rays of 0-9 MeV. energy are emitted. Previous 
animal studies employing zirconium salt solutions in 
metal displacement therapy of radioactive plutonium 
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poisoning indicated a rapid excretion of the zirconium 
in the urine*. However, other investigations in 
animals suggested that various zirconium salts, when 
injected intravenously, formed colloidal aggregates 
which differed in distribution according to their 
particle-size. The larger aggregates were not rapidly 
cleared from the blood®. 

Zirconium-89 was obtained by bombardment of an 
yttrium oxide target with deuterons in the Massachu- 
setts Institute of Technology cyclotron‘. The target 
was dissolved in 12 N hydrochloric acid and the solu- 
tion poured into a column containing a synthetic 
anion-exchange resin (‘Dowex 1’). At this pH, only 
the zirconium-89 was adsorbed on the column. The 
yttrium, any rare-earth elements present, and other 
radioactive substances formed such as radiostrontium, 
passed through with the concentrated hydrochloric 
acid. The zirconium-89 was then eluted with 5 N 
nitric acid, a method of separation suggested by 
Drs. C. D. Coryell and U. Schindewolf, of the 
Massachusetts Institute of Technology. Physical 
studies indicated a satisfactory separation. The 
yield was 3-5 mc. of positron activity (per 2 hr. 
bombardment at 40 yamp.). The 5N nitric acid 
was evaporated and the zirconium-89 activity sep- 
arated was dissolved in a 1 per cent solution of sodium 
citrate adjusted to pH 6-7. Citrate was used to 
minimize the colloidal properties of zirconium and 
prevent precipitation. Furthermore, a stable, rela- 
tively small, soluble anionic-colloid complex was 
formed with citrate at this pH*. After filtration and 
sterilization, the resultant solution was administered 
intravenously in man in doses up to 1-0 me. of 
positron activity in 4 ml. 

In preliminary chemical toxicity studies in mice, 
100-200 times the contemplated dose per kilogram 
in man was well tolerated. No ill-effects were 
observed in any of the animals. 

Fig. 1 shows the concentration-time course of 
zirconium-89 in the plasma after intravenous in- 
jection in a comatose patient with metastatic car- 
cinoma in the cerebellum. Otherwise, his vital 
signs, nutritional status, electrolyte levels, ham- 
atocrit, and renal function were essentially within 
normal limits. Plasma and venous blood samples 
were assayed in a scintillation gamma well-counter 
and compared with known standard dilutions of the 
original activity administered. In this manner, 
corrections for physical decay were made, and the 
curve in Fig. 1 illustrates only biological processes. 

The concentration of activity in plasma is observed 
to increase for about three hours, reaching a maximum 
of 19-3 per cent of dose/litre. Then there is a slow ex- 
ponential decline to levels of 3 per cent of dose/litre at 
7 days. Calculations based on the concentrations in 
plasma and whole blood in conjunction with the hem- 
atocrit indicate that the zirconium-89 in blood is con- 
fined to the plasma, and that this tracer does not enter 
the erythrocytes during the first week after injection. 
Concentrations measured in samples of serum were 
equivalent to those in plasma. Labelled plasma was 
fractionated by paper electrophoresis with cacodyl- 
ate buffer and the activity of the various components 
of the resultant dyed pattern measured; this was 
carried out in the laboratory. of Dr. K. Schmid at the 
Massachusetts General Hospital. Zirconium-89 was 
present in the albumin and a-, 8- and y-globulin 
fractions. 

All urine was collected from this subject during 
the week of observation. Total daily output averaged 
about 1,000 ml. Only 2-5 per cent of the dose injected 
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Concentration-time course of intravenously injected 
zirconium-89 in the plasma 


Fig. 1. 
was recovered in the first 24 hr. Total recovery was 
7-6 per cent at seven days. The excretion-rate in 
the first hour was 0-11 per cent of dose/hr. From 
the plasma concentration of 18 per cent of dose/litre 
in Fig. 1, initial renal clearance of zirconium-89 from 
the plasma is therefore only 0-006 litre/hr., or 
0-1 ml./min. 

Intravenously injected zirconium-89 was assayed 
in biopsy samples from two patients undergoing 
neurological surgery. In the first, at about 90 min. 
after administration, concentrations in bone (skull) 
and muscle were 1-2 and 4-8 per cent of dose/kgm. 
respectively, and after approximately 3 hr. in the 
second case, concentrations in bone, muscle, normal 
brain, and brain tumour were in order 0-9, 7-6, 0-8 
and 4-6 per cent of dose/kgm. All samples were 
carefully blotted and wet-weighed before analysis. 
Serum concentrations in these two patients were 
26-6 and 35-6 per cent of dose/litre at 1-5 and 3 hr. 
respectively. 

It would seem that after intravenous injection of 
zirconium-89 in carrier-free dilute citrate solution, 
the radiozirconium is only very slowly cleared from 
the plasma due to the formation of metal complexes 
with the plasma proteins. The cause of the initial 
3-hr. rise in plasma concentration is obscure. More 
than 65 per cent of the dose remains in the plasma 
for some hours after injection and about 10 per cent 
at 7 days, assuming a plasma volume of 3-5 litres. 
Excretion of zirconium-89 averages only 1 per cent/ 
day in the urine during the first week. Fecal forma- 
tion in this subject was negligible, as he received only 
5 per cent glucose in water, 1,500 ml, daily, during 
the week of observation. Hence, the decrease in 
plasma concentration observed during this period 
represents @ relatively slow distribution of the tracer 
into larger tissue compartments. 

From the concentrations of the radioisotope in 
the biopsy samples, muscle appears to be one major 
tissue compartment for zirconium-89, although no 
results are available for the major internal organs. 
That muscle mass gradually accumulates a significant 
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portion of the tracer administered is also supported 
by positron-scanning with zirconium-89 in several] 
patients. 


injection, a relatively sustained high concentration 
was observed in the well-muscled facial and temporal 
areas, despite physical decay and the decrease in 
plasma concentration over this period. In contrast, 
the area over skull and brain of this patient showed 
a substantially decreased concentration. 
JOHN MEALEY, JUN. 
Department of Surgery, 
Harvard Medical School, 
Neurosurgical Service, 
Massachusetts General Hospital. 
Jan. 23. 

* Brownell, G. L., and Sweet, W. H., Nucleonics, 11 (11), 40 (1953). 
* Schubert, J., Science, 105, 389 (1947). 
* Gofman, J. W., J. Lab. Clin. Med., 34, 297 and 305 (1949). 
* Shure, K., and Deutsch, M., Phys. Rev., 82, 122 (1951). 


Anisotropic Structures in Human Elastin 


THE precise relationship between collagen and 
elastin has been widely discussed from the electron 
microscope and biochemical points of view, and 
Burton e¢ al.' have suggested that a transformation 
of collagen into elastin may occur in vitro due to 
degradation of collagen by acids and alkalis, or by 
enzymes. Gillman and Penn e al.? have coined the 
term pseudo-elastic tissue in describing collagen 
degeneration which may occur in the process of tissue 
repair after injury. Banga’, following Schwartz and 
Dettmer*, has suggested that some natural elastins 
possess an inner structure of collagen fibrils. While 
there may be similarities between the results of the 
in vitro studies of Burton et al., and those of Gillman 
and Penn, the normal intimate relationship between 
collagen and elastin in most tissues renders it difficult 
to isolate either component. 

Hall has shown that differences exist between 
human aortic elastic tissue and elastin from ox 
ligamentum nuche, and the chemical differences 
have been associated with varying solubilities in 
acetic acid. During recent studies on the plastic and 
elastic deformations of protein fibres using optical 
methods, differences of structure have been observed 
between different elastins from human and ox tissues. 
In the case of elastin from the human aorta, 
anisotropic structures can be observed in the elastin 
fibres although these are usually considered to be 
isotropic. 

In finely divided specimens of elastin from the 
human aorta, it is possible to effect a physical separa- 
tion of collagen- or reticulin-like structures from the 
elastin by using the modification of the pressure 
technique of Boddy‘, as described by me’. A single 
fibre about 20-30 microns in diameter teased from 
the elastin material in the specimen and subjected 
to a radial pressure normal to the fibre axis is shown 
in Fig. 1, where a portion of the intimately associated 
collagen-like material is seen displaced. This is 
refractile and resembles the redimiculous fibres 
already reported in other tissues*. Fig. 2 shows the 
same specimen under polarized light, and _ the 
birefringence of the edges and centre portions is 
marked. 

These bright areas are those which are relatively 
easily removed by this pressure technique from the 
elastin itself. Having removed these structures com- 


_ From the density of serial scans of one 
such patient on three successive days after a single 
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pletely by pressure, the loading was increased, and 
with greater pressures the elastin spreads into a 
flocculent mass of dark fibrils. This is shown in 
Fig. 3, and it will be observed that some sort of 
ordered structure appears in the centre of the dis- 
persed mass. This follows the diagonal position of 
the original fibre and presumably represents an inner 
‘core’ of material which differs from that of the main 
body of the fibre. Fig. 4 illustrates the appearance 
of the same field illuminated with polarized light and 
observed between crossed nicols, This ordered 
structure is birefringent and the double refraction 
is very definitely confined to this ordered region. 

This dark flocculent dispersion of short filamentous 
material is characteristic of elastin under pressure 
and has been observed with elastin from ox liga- 
mentum, human aorta and ox aorta. The reaction 
to pressure is predominantly plastic, and the material 
flows to give this dispersed mass of fibrils. The 
application of pressure to these different elastins 
indicates that although the basic structure is similar 
throughout, the individual fibres differ considerably. 
With human aorta the elastin exists as sheets, 
lamelle or fibres, and the lamellz are easily torn into 
fibres due to the preferred orientation of the fibrils. 
In ox aorta somewhat similar conditions exist, but 
the fibres are more numerous. With elastin from 
ox ligamentum, however, the elastin only exists as 
fibres. These are usually of two orders: first, the 
simple fibre of more or less circular cross-section, and 
secondly, the fibre bundle which is essentially formed 
by a braiding together of these simple fibres. 

Many of these isolated fibre bundles from ox 
ligamentum exhibit birefringence between crossed 
nicols with polarized light ; but in every case exam- 
ined this has been due to the presence of associated 
redimiculous or vitreous fibres of a collagen-like type 
within the bundle. The peculiar properties of these 
fibres as found in tendon and the dermis has 
been discussed elsewhere*, but mention should be 
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made of their reduced solubility in acetic acid, since 
this might account for the differences noted by Hallé. 

The presence of these birefringent structures, 
apparently inside characteristic elastin fibres, suggests 
that in certain tissues changes in the muco-poly- 
saccharide/fluid environment around the fibrils may 
result in two-phase elastin/collagen structures being 
developed. Not all elastin fibres from the human 
aorta exhibit these birefringent structures, however, 
and it may be that this dual structure arises from 
some form of degeneration or degradation as observed 
by Gillman and Penn et al.*. 

There are no similarities between the birefringence 
associated with the presence of ‘variant’ fibres in 
ligamentum elastin and that noted with the internal 
structure of aorta elastin. The variant fibres are of 
the types found in tendons and dermis of a number 
of mammalian species, and their wide distribution 
in tissues follows the natural distribution of collagen 
and elastin. They always exist as discrete fibrous 
units, and, as shown in Fig. 1, are usually displaced 
as discrete structures. The dispersed ordered structure 
shown in Figs. 3 and 4 is due to fibrils of much smaller 
diameter, since under the pressures applied the 
specimen thickness is less than 1-0 micron. 

It is not possible, from this evidence alone, to 
decide whether the birefringence is due to a collagen 
type of material in the centre of the elastin as 
postulated by Banga, or if it arises from some 
biochemical transformation of the type proposed by 
Hall, Keech, Reed et al.’. 

A. J. CRUISE 
4 Raymead Way, 
Fetcham, 

Leatherhead, Surrey. 

? Burton, D., Hall, D. 4, Keech, M. K., Reed, R., Saxl, x. Tun- 
bridge, k. E., and Wood, M. J., Nature, 176, 966 (195 

* Gillman, T., Penn, J., Bronks, D., and Roux, M., Arch. cea 59, 
733 (1955). 

* Banga, I., Nature, 172, 1099 (1953). 

“Schwartz, W., and Dettmer, N., Virchows Arch. Path. Anat., $23, 
243 (1953). 

* Hall, D. A., Biochem. J., 59, 459 (1955); Nature, 168, 513 (1951). 

* Boddy, R. G. H. B., Nature, 151, 54 (1943). 

* Cruise, A. J., J. Soc. Leather Trades Chem., 39, 252 (1955). 

* Cruise, A. J., J. Soc. Leather ae teen, hw 321 (1956). 


* Hall, D. A., Keech, M. K., H., Tunbriige,*R. E., 
and Wood, M. J., J. Rory 10, ©. 38a (3955). 


Changes in the Ultra-structure of Human 
Feetal Bone during Growth 


Clark and Iball have recently reported! their 
observations on changes in the ultra-structure of 
bone during growth. They confirmed the findings of 
Caglioti e¢ al.*, that there is no evidence of crystal 
orientation in the long bones of new-born rats until 
the second to fourth day of life. Moreover, they 
mention that, in investigating human foetal bones, 
they did not find any orientation of the hydroxy- 
apatite crystallites until the fourth month of in- 
trauterine life. The latter result is not in accord 
with my recent work, which is based on microbeam 
diffraction techniques*, in the investigation of the 
ultra-structural organization of human foetal bone. 
Diffractograms of the thin periosteal bone collar from 
longitudinal sections of femora from ten-week old 
human fcetuses show in several areas a slight but 
definite meridional orientation of the 002 reflexion 
of apatite, when recorded in a Chesley microcamera 
with a 20-micron collimator. However, in a diffracto- 
gram taken by the usual macrobeam technique 
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(X-ray beam 0-25 mm. wide) through the entire bone, 
this orientation was no longer apparent. 

I thus conclude from this and a number of similar 
experiments that, within microscopic areas, there is 
a tendency for the apatite particles to become aligned 
along the collagen fibres. In an area of the relatively 
large size required for ordinary X-ray diffraction 
techniques, however, these microscopically ordered 
areas give the appearance of being randomly dis- 

. These findings have been confirmed by the 
use of the polarized light microscope, and by low- 
angle X-ray particle scattering. 

The degree of orientation of the apatite crystallites 
was measured as the ratio between the meridional 
and equatorial intensities of the 002-reflexion. At 
the very early stages of bone development, this ratio 
is as low as 1-4, and then increases during intra- 
uterine development up to a value of about 2-3, 
after which it remains more or less constant until 
birth. Post-natally, the degree of orientation in- 
creases again, reaching a maximum of about 4-6 in 
adult bone. 

That foetal bone never attains as high a degree of 
orientation as does adult bone does not seem to be due 
to the fact that the crystallites are smaller in foetal 
bone. (This aspect will be discussed more fully in a 
forthcoming paper dealing with biophysical studies 
on human foetal bone formation‘.) Probably the 
increase in orientation is due to changes in the 
chemical or physical properties of the collagenous 
bone matrix associated with growth and mechanical 
influences. 

G6ranN WALLGREN 
Department of Medical Physics, 
Karolinska Institutet, 
Stockholm. 


1 Clark, 8. M., and Iball, J., Nature, 179, 94 (1957). 

—) AG — D., and Parravano, 8. N., R. Accad, Lincei, 
* Chesley, F. C., Rev. Sci. Instr., 18, 422 (1947). 

* Waligren, G., Acta Paed. (in the press). 


Detection by Paper Electrophoresis of Rapid 

Changes in Protein and Lipoprotein Distri- 

bution during Heparin-induced Clearing of 
Alimentary Lipemia 

In recent studies, normal adults ingested 120-400 
gm. of fat (as 40 per cent butterfat cream) and, after 
3-4} hr., they received 100 mgm. of heparin intra- 
venously. Serum samples taken 30 min. later were 
compared with their fasting and pre-heparin samples 
by electropapergram techniques. The post-heparin 
samples consistently showed a number of changes 
which are listed below and indicated by Roman 
numerals. 

Certain changes were due to redistribution of 
protein. They could be demonstrated even after 
extraction of lipids before the electropapergrams were 
stained. 

(I) A new band of protein appears between 
alpha-2-globulin and beta-l-globulin. We call it 
alpha-beta-globulin (rather than alpha-3) because 
it is sometimes incompletely differentiated from 
beta-1-globulin. 

(II) A new band of gamma-1-globulin appears. If 
runs are started from electrical midpoint, it is seen 
just anodal to the starting line. 

- We have'developed a method for inducing toluidine- 
blue metachromasia on serum electropapergrams. 
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Fasting and pre-heparin samples show maximurn 
metachromasia in albumin and beta-1 -globulin. 

(III) The new alpha-beta-globulin is intensely 
metachromatic, even more than beta- 1-globulin. 

(IV) The new gamma-l-globulin is also meta- 
chromatic, but not so intensely as is alpha-beta- 
globulin. 

The double-staining oxazine dye, nilblau, stains 
fatty acid blue-green and neutral fat red-orange. 
Used as a post-run stain, it also detects protein and 
its sensitivity to pH provides a means of estimating 
the acidity or alkalinity of particular fractions relative 
to neighbouring fractions. 

(V) The new alpha-beta-globulin stains redder with 
nilblau than alpha-2 or beta-1-globulin and therefore 
seems to be a basic constituent. This does not 
encourage hypotheses suggesting that the new fraction 
is a complex of serum globulin with heparin, a strongly 
acid mucopolysaccharide. 

Other changes cannot be demonstrated after lipids 
are extracted from electropapergrams and are there- 
fore due to lipoproteins. They may be shown by 
staining either with the water-insoluble sudan black B 
or with the water-soluble Schiff reagent which, we 
recently reported, is predominantly a means of show- 
ing certain special lipoproteins when it is used on 
electropapergrams'. By staining first with Schiff and 
then counter-staining with amidoschwarz, the lipo- 
protein pattern and protein pattern may be examined 
simultaneously on the same sample ; this cannot be 
done if sudan black B is used first. 

(VI) The concentration of beta-2-lipoprotein and 
immobile zero lipoprotein is much decreased. This 
may be considered the electrophoretic correlate of the 
known change from low- to high-density lipoproteins 
during the clearing of lipzmia*. 

(VII) The electrophoretic mobility of beta-|- 
lipoprotein is increased. 

(VIII) The electrophoretic mobility of lipo- 
albumin is increased. Others have attributed these 
increases in mobility to the increased level of free 
fatty acid found during clearing of lipwmia*. 

(IX) The beta-l-lipoprotein band splits into two 
bands. 

(X) If samples are first stained with Schiff, then 
overstained with amidoschwarz, the faster beta-|- 
lipoprotein sub-band is seen to occupy exactly the 
same position as the new, intensely metachromatic 
alpha-beta-globulin ; they may be identical. 

There remain changes demonstrable only by 
‘intra-run staining’, which is our term for staining 
by electrophoretic migration over paper impregnated 
with nilblau or sudan black B*. In addition to im- 
proved detection of faster lipoproteins and of pattern- 
ing, important colour differentials are seen. The 
fraction with the highest fatty acid/neutral fat ratio 
is lipo-albumin, which is green on nilblau and gold 
on sudan black B. This ratio is lowest in the beta- 
lipoproteins, which are red on nilblau and black on 
sudan black B. Blue or red colours on nilblau and 
grey or brown colours on sudan black B are char- 
acteristic of the narrow alpha-1-lipoprotein, of the 
narrow fast-alpha-2-lipoprotein, and of the broader 
slow-alpha-2-lipoprotein. 

(XI) The concentration of eg 1-lipoprotein is 
greatly reduced ; it may disappea 

(XII) A new band of lipo- ipre- -albumin appears 
moving fast to lipo-albumin. It is blue-red on nilblau 
and grey-black on sudan black B. These staining 
characteristics indicate its lipids to be relatively basic 
in comparison with those of lipo-albumin. As in the 












cr ED REN Fa eR + 


OER AERTS FE 





















Rs 


nd 
ng 


ve 


th 
re 
ot 
m 
ly 


ig 


OEE OEE EN ON AE MRIN =e Ticks rn 


ee ee ee ee 

















March 30, 1957 


case of the alpha-beta-globulin, this basic character is 
inconsistent with a hypothesis that this new fraction 
results from a complex of globulins with either heparin 
or with fatty acid released during the clearing of 
lipemia. Herbst and Hurley® made similar observa- 
tions and argued against protein-heparin complexes 
by pointing out the unusually high lipid/protein ratio 
in the lipo-pre-albumin. Lipo-pre-albumin also ap- 
pears after intravenous administration of fat*. 

The mechanisms which cause diminution of zero- 
and beta-2-lipoproteins during the clearing reaction 
appear to be well understood, and the overall increase 
in mobility of beta-1-lipoprotein and lipo-albumin can 
be explained. he significance of the three new 
protein bands is more obscure. Two are meta- 
chromatic, yet other evidence’ is against their being 
a protein-heparin complex. This is less surprising 
when considered with our inability as yet to identify 
the pre-formed metachromatogens of normal sera with 
any known substance. One of the new bands, lipo- 
pre-albumin, has a high lipid/protein ratio, whereas 
another of the new bands, gamma-1l-globulin, is 
apparently free of lipid. The rapidity of these 
changes in the pattern of serum protein after intra- 
venous heparin unquestionably makes direct inter- 
action #® superticially attractive hypothesis, yet all 
available evidence seems to be against it. One can 
only conclude that « number of the changes listed 
above are due to mechanisms which are unknown 
at present. 

These studies, carried out at U.S. Army Hospital, 
Fort Riley, Kansas, were assisted by a grant-in-aid 
from the Wolfson—Meyer Charity Foundation, Miami, 
Florida, U.S.A. We also are grateful for important 
help given by officers of the 18th Infantry Regiment 
and by Dr. R. i. Clegg and others of the staff of 
the Department of Chemistry, Kansas State College. 

WILLIAM QutrMaNn WOLFSON 
Brenton H. PENWARDEN, JUN. 
130 Waverly, 
Highland Park 3, 
Michigan. 
Dec. 13. 
' Wolfson, W. Q., Proc. 3rd Luterim Session, Amer. Rheumat. Assoc. 

(in the press). 

* Bergstrom, S., and Bérgstrom, B., 

(1956). 

* Gordon, R. 8., J. Clin. Invest., 84, 477 (1955). 
‘ bbe W. Q., and Penwarden, jun., 3. H., Clin. Res. Proe., 4, 254 
’ Herbst, F. S. M., and Hurley, N. A., J. Clin. Invest., 33, 907 (1954), 


* Herbst, F. S. M., Lever, W. ¥., and Waddell, W. R., Science, 123, 
843 (1956). 
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Thyroid Adenomas in Sheep administered 
lodine-131 Daily 


Tue role of iodine-131 in the possible development 
of thyroid tumours has been a matter of considerable 
concern in view of its widespread clinical use. The 
occurrence of thyroid tumours in rats after single-dose 
administration of iodine-131 has been described by 
Goldberg and Chaikoff!; but no reports of such 
tumour development in other species have been 
recorded. During the course of an extended investiga- 
tion of the effects of iodine-131 administered daily to 
sheep?*, thyroid adenomas were encountered in four 
of @ group of five sheep which were exposed to 
5 we. iodine-131 per day for their lifetime. The de- 
velopment of a fibrosarcoma in the thyroid region 
of the remaining member of this group is reported 
separately‘. 
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The principal phase of the extended experiment 
initiated in 1950 has involved the daily oral admin- 
istration of carrier-free iodine-131 at levels ranging 
from 0-005 to 1,800 ue. to Suffolk sheep. Offspring 
were exposed to iodine-131 in foetal life and by way 
of the milk during the suckling period. When ewe 
lambs reached the weaning age of four months, 
representative numbers were placed on the same 
iodine-131 regimen as their dams. The sheep were 
maintained on a diet low in stable iodine in order 
to ensure maximum uptake of iodine-131. Weekly 
external monitoring of the thyroids of all sheep was 
performed throughout the experiment. 

The estimated dose to the thyroid gland of a 
representative animal showing tumour involvement 
was 30,000 rads for the entire five and a half years 
of life. The dosage calculations, however, are con- 
sidered only crude estimates, since, during the life- 
time of the animals, the thyroid exhibits growth, 
seasonal changes in weight*, and then a reduction 
in size due to radiation damage. 

Among the animals showing tumour involvement, 
two had adenomas which were detected histologically 
but were not observed grossly at necropsy. In the 
other two animals the tumours appeared as small, 
raised lesions. ‘The gland of one animal presented a 
single tumour that did not exceed 1 cm. in greatest 
diameter, and in the other ewe the involved lobe 
had three small tumours, none of which exceeded 
4 mm. in greatest diameter. 

Neither the six ewes of the same age which were 
exposed to 0-15 wc. per day for their life-time nor 
any of the twenty-five aged control animals showed 
any evidence of thyroid tumours. The dams of the 
affected animals were administered 5 uc. daily from 
two years of age until they were killed three to four 
years later, but showed no tumour development. ‘The 
thyroid glands of sheep fed 15-1,800 uc. per day 
also contained no tumours. However, these groups 
were fed iodine-131 for significantly shorter periods, 
were killed at an earlier age, and frequently ex- 
hibited severe thyroid damage or ablation, thus 
limiting the basis for comparison with the group 
under consideration in this report. 

This paper is based on work performed under 
Contract W-31-109-Hng-52 for the Atomic Inergy 
Commission. 

The technical assistance of N. L. Dockum, E. Jane 
Coleman and Glenda Vogt for photomicrographs and 
histological preparations, and of M. I. Kerr and 
animal farm staff for care of animals is gratefully 
acknowledged. 


L. K. BustTap 

S. Marxs 

L. A. GEORGE, JUN.* 
L. J. SEIGNEUR 


Biology Operation, 
Hanford Laboratories, 
General Electric Co., 
Richland, Washington. 
Jan. 5. 


* Present address: School of Medicine, University of Washington, 

Seattle, Washington. 

1 Goldberg, R. C., and Chaikoff, I. L., Arch. Path., 58, 22 (1952). 

* Bustad, L. K., George, jun., L. A., Marks 8., Warner, D. E., Barnes, 
C. , Herde, K. E., and Kornberg, H. aes ion Res. (in the 
press). 

* Marks, 8., Dockum, N. L., and Bustad, L. K., Amer. J. Path. (in 
the press). 

—— Sy George, jun., L. A., and Bustad, L. K., Cancer (in the 
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Protein Synthesis in Sphinx ligustri 
Pupz 


At the beginning of the pupal stage of Sphinx 
ligustri, a lysis of larval tissues occurs. In winter, 
during diapause, the pupa is a bag full of blood con- 
taining a suspension of partially broken down larval 
tissues. In spring, diapause is broken, formation of 
adult tissues is speeded up and the moth becomes 
rapidly ready to emerge. Most of the amino-acids 
used for adult protein synthesis come from larval 
tissues ; the question is whether the larval proteins 
are hydrolysed to free amino-acids before being used 
for adult protein synthesis, or whether adult proteins 
are built up from larger units that might be carried 
by phagocytes which are known to destroy the larval 
tissues. In order to approach an answer to this 
question, we decided to compare the mean specific 
rates of protein synthesis (rate of synthesis/amount 
of proteins) from one free amino-acid, namely 
glycine, in Sphinx ligustri pup, either in diapause 
or at the moment of the development of the adult 
organs. 

112 ugm. of glycine-1-“C (433,000 c./min.) was 
injected into the body cavity of each of five Sphinx 
ligustri pups. After a time, specified later, the 
animals were cut longitudinally into two, the blood 
washed away, the remaining tissues dissected from 
the cuticle and put into 20 per cent trichloracetic 
acid to stop enzymic actions. The tissues were washed 
with water, cooked in boiling water and ground. 
They were put in a bag with some ordinary glycine 
and submitted to dialysis to eliminate the free amino- 
acids and especially the radioactive free glycine: the 
process of dialysis was repeated seven times. The 
non-dialysable fraction was submitted to hydrolysis 
with 6 N hydrochloric acid for 24 hr. and a neutral 
amino-acid fraction isolated from the hydrolysate 
with the use of ion-exchangers (“Dowex 2’ and 
“Dowex 50’). 

A portion of the neutral amino-acid fraction was 
used for the determination of the amount of the non- 
blood protein glycine following the ion-exchange 
method of Moore and Stein! (see Table 1) (the non- 






































Table 1 
Sphing ligustri 
cd ed ee 
Total | | | 
amount | | | 
(mgm.) | 9°35 6°75 | 415 | 0-49 | 0-59 | 
I} NCEE eS eee 
| Nitrogen | 
| determ- | 
| ination | 
| Oniso- | | 
Non- | lated 
blood | sample | | 
pro- | (theor. | | } 
tein | 18-66 per} | 
gly- | cent) | 185 18-7 18-6 18-4 18-7 
cine |- —| —— —}—_—__—_} ——|— . 
| Total 
| activity | | | 
| (c./min.) 31,200 | 14,700 39,300 | 1,660 | 1,090 
| Specific | 
activity | | 
| (c./min./ | } | 
| m.mole) | 250,000 | 163,000 | 720,000 | 254,000 | 139,000 
$$$ jt 
Pupal stage } Transforming into adult | Diapausing 
Duration of . 6 ' 
experiment | 2 hr. 24 hr. 
Amount of glycine ‘: me | 
injec | 112 wgm.; 433,000 c./min. | 
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dialysable glycine is mostly protein glycine ; we shal! 
call it protein glycine). 

The greater part of the neutral amino-acid fractic, 
was used for the determination of the non-blovod 
protein glycine radioactivity. A carefully weighed 


amount of ordinary glycine was added as a carrier 


and the glycine was isolated as the «-nitronaphthalene 
sulphonate, which was recrystallized several times in 
water. The sulphonate in aqueous solution was 
poured on a column of ‘Amberlite JR-120(H)’ and 
the glycine was eluted with 3.N ammonia; the re- 
generated glycine was recrystallized in water/ethano! 
diethyl ether and submitted to Kjeldahl nitrogen 
analyses. The glycine crystals were used for the 
radioactivity determinations ; this radioactivity was 
found not to change on recrystallization. 

From these results, the specific activities of the 
non-blood protein glycine of the Sphinx ligustr: 
could be calculated. 

The experiment was carried out in June. Sphinx 
1, II and IIT had been maintained continuously in 
an unheated room in a garden; when injected, the 
formation of the adult was well on the way, antennx 
and wings being recognizable. Sphinx IV had been 
maintained at 2°C. during winter and transferred 
to the unheated room in April; at the time of the 
experiment the animal was still in diapause. Sphinx \ 
had been kept continuously in a room at 25°C.; 
at the time of the experiment, it was also in diapause. 
From what is known for other Lepidoptera, specimen 
IV was likely to produce the adult within a few 
weeks, whereas specimen V would never become 
adult. 

After the radioactive glycine injections, ‘the five 
animals were put in the room at 25°C. so that the 
rates of incorporation of glycine into proteins could 
be compared. 

Sphinx I and II were killed 2 hr., the other three 
24 hr., after the injections. 

Specific rates of protein synthesis or turnover- 
rates can be directly compared on the basis of the 
specific radioactivity of the protein glycine after 
injection of radioactive glycine, only if the specific 
radioactivity of the glycine used for protein synthesis 
is the same in all animals compared at any tim: 
after the injection. (The term ‘turnover’ is used only 
when there is a ‘steady state’, that is, no net protein 
synthesis, as is probably the case during diapause.) 

When the same amount of radioactive glycine is 
injected into all the animals, the specific activity of 
the free glycine in the free amino-acid pool at the 
time © after the injection depends only on the 
quantity of free glycine in the pool (haemolymph + 
intracellular). In the hemolymph, the quantity of 
free glycine is slightly higher in the diapausing 
Sphinx (600-750 ugm.) than when the transformation 
into adult has started (400-700 ugm.) (Duchateau 
and Florkin, unpublished results). 

The decrease of the free glycine specific radio- 
activity after the injection depends on the rate of 
utilization of free glycine. Is this rate large or not ? 
If it were not, the specific radioactivity of the free 
glycine could be considered constant during the 
experimental period, and the discussion would be 
simplified. However, the comparison of Sphinx I 
and II on one hand, and Sphinx III on the other, 
does not support this view: if the specific activity 
of the free glycine had not changed during the 24 hr. 
following the injection, one would expect to find the 
activity of the non-blood protein glycine in Sphinx III 
to be about twelve times as high as that in Sphinz I 
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and IL; the ratio is actually much less (whether 
calculated from specific or absolute activities). - 

[t seems likely that the turnover of free glycine is 
higher in pup that are in the process of forming 
the adult than in pup that are still in diapause. 
We tentatively draw the conclusion that, on the aver- 
age during the 24-hr. experimental period, the 
specific radioactivity of the free glycine in the free 
amino-acid pool was rather lower in Sphinx III than 
in Sphinx IV and V, and consequently the mean 
specific rate of non-blood protein synthesis from free 
glyeme is much higher in the transforming pupa 
than in the diapausing animal. This seems to sup- 
port the view of adult protein synthesis directly 
from the free amino-acid pool. 

We wish to thank Dr. J. Leclercq for rearing the 
insects and for helpful discussion of the results. 


S. Bricreux-GReGorRE 
W. G. VERLY 
M. FLorKIN 
Department of Biochemistry, 
University of Liége. 
Jan. 17. 


' Moore, S., and Stein, W. H., J. Biol. Chem., 192, 663 (1951). 


Indoleacetic Acid in Two Species of Nicotiana 


In Nature, and afterwards elsewhere, Vlitos, 
Meudt and Beimler!* reported that they were unable 
to detect indole-3-acetic acid in leaf, stem, root or 
apical tissue of Nicotiana tabacum L. ‘Maryland 
Mammoth’ plants, which had been grown under 
long-day conditions. 

The absence from a plant of indole-3-acetic acid, 
which is considered a major plant hormone, is of 
interest, and its absence from a variety of tobacco 
was of particular interest to us, because in this 
laboratory it had been shown that stems and leaves 
of N. tabacum ‘Virginia Gold’ contained this acid 
in concentrations up to 10 ugm./kgm. of fresh weight 
(unpublished data). 

As ll-week old plants of N. tabacum ‘Maryland 
Mammoth’ were available, it was the ight desirable 
to find out if these plants contained indole-3-acetic 
acid. The ‘Maryland Mammoth’ plants had been 
grown together with Nicotiana sylvestris Speg. and 
Comes under short-day (8 hr.: daylight) or long-day 
(16 hr.: daylight supplemented by incandescent 
lamps) conditions. Half the plants of each species in 
each light treatment had been inoculated with 
tobacco mosaic virus, the other half being maintained 
as controls. At 11 weeks, all plants had about 
twelve visible leaves; the ‘Maryland Mammoth’ 
plants were 18 cm. high under long day and 45 cm. 
high and flowering under short day. WN. sylvestris 
plants were 75 cm. high and flowering under long day 
and were rosettes under short day. 

From five plants of each treatment the upper 
eight leaves (lengths: 5-30 cm.) and the stems were 
harvested separately, and the acidic ether-soluble 
growth-substances (from approximately 60 gm. tissue) 
were extracted and chromatographed (solvent : 
isopropanol : water : ammonium hydroxide, 10: 1: 1) 
by the method of Kefford*, which is almost identical 
with that of Vlitos et al.*. The chromatograms were 
sectioned and the sections were biologically assayed 
with the Avena coleoptile section extension test’. 

The Avena extension tests showed, on chromato- 
grams of all extracts, an area of growth promotion 
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corresponding to the position of a synthetic indole-3- 
acetic acid guide (Rr 0-3). Thus, the acid was 
detected in the stem and leaves of plants of N. 
tabacum ‘Maryland Mammoth’ and N. sylvestris 
grown under both short- and long-day conditions and 
whether non-inoculated or inoculated with tobacco 
mosaic virus. The concentration of indole-3-acetic 
acid in non-inoculated plants was of the order of 
1 ugm./kgm. of fresh weight of tissue. Additional 
assays of tobacco plant material grown between 
June and November under natural daylight conditions 
showed that indole-3-acetic acid occurred in leaves 
and stems of (1) ‘Maryland Mammoth’ plants 19 
weeks old (non-flowering); (2) N. tabacum “Turkish 
Samsun’ plants 15 weeks old (flowering). 

In addition to indole-3-acetic acid, a growth-pro- 
moter, Rr 0-0—-0-15, and a growth-inhibitor, Rp 0-5— 
0-7, were detected in all extracts. No sign was found 
of the auxin of Rr 0-98 detected by Vlitos et al.*, in 
extracts of ‘Maryland Mammoth’ leaves and apices. 

The different findings of Vlitos e¢ al. and ourselves 
must be associated with differences either in technique 
of auxin extraction and detection, or in the physio- 
logical status of the plants used. One difference in 
technique is that Vlitos et al.* evaporate extracts 
‘in a stream of air’, which may oxidize indole-3- 
acetic acid, but if this is the case it is still necessary 
to explain the appearance of the auxin of Rr 0-98, 
and why this is not oxidized also. If the tissues 
extracted by Vlitos et al. contained a concentration 
of indole-3-acetic acid much less than 1 pgm./kgm. 
as found here, their colorimetric method may not 
have been sensitive enough, in the presence of other 
extracted materials, to detect the amounts of indole- 
3-acetic acid present, notwithstanding the use of 
extracts from up to 1 kgm. of tissue. At present 
there is no clue to physiological differences, but they 
seem unlikely to be related either to the age of 
the plants (temporal or physiological) or to the 
reproductive status. 

N. P. Kerrorp 
Katre HEeitMs 


Division of Plant Industry, 
Commonwealth Scientific and 
Industrial Research Organization, 
Canberra. 

Jan. 4. 


1 Vlitos, A. J., Meudt, W., and Beimler, R., Nature, 177, 890 (1956). 

* Vilitos, A. J., Meudt, W., and Beimler, R., Contrib. Boyce Thompson 
Inst., 18, 283 (1956). 

* Kefford, N. P., J. Exp. Bot., 6, 129 (1955). 


Nature of Chloragogen Granules 


Ir has become generally accepted that the chlor- 
agogenous tissue of earthworms is excretory in 
function and that the granules consist chiefly of 
guanine. This view is to be found in both elementary 
and more advanced text-books and is based on the 
work of Willem and Minne!. Theirs is not the only 
work, however, and during the first decades of this 
century a number of papers were published on ‘this 
problem. The evidence supporting the excretory 
nature of the chloragogen is conflicting and that for 
the alternative theory of the elaboration and storage 
of food reserves is equally contradictory. Many new 
techniques have been developed since this early work 
and it seemed desirable to re-investigate the problem 
using modern methods. Moreover, past work was 
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done on sections and on the whole gut, and no attempt 
was made to separate the granules. 


I have been able to obtain almost pure samples of 


chloragogen granules by taking advantage of the fact 
that the chloragocytes are very easily detached. The 
technique is as follows. ‘The worms are lightly 
anesthetized with either chlorbutol or 10 per cent 
alcohol, and the intestine is dissected out and the 
ends ligatured. It is then rinsed in saline isotonic 
with the ccelomic fluid (0-07 molar sodium chloride) 
and the chloragocytes are brushed off in fresh iso- 
tonic saline. ‘The resulting suspension is centrifuged 
and the granules washed three times in distilled water. 
Histological examination of brushed and unbrushed 
pieces of intestine showed that only chloragogen 
cells are detached. The final thick suspension con- 
tains very little besides granules and nuclei, the 
latter forming an exceedingly small proportion of the 
whole. Granules separated in this way were subjected 
to element analysis and were found to contain approx- 
imately 43 per cent carbon, 6 per cent hydrogen, 
4 per cent nitrogen, 3-5 per cent phosphorus and 
1 per cent sulphur. Now guanine contains 60 per 
cent nitrogen, so that neither guanine nor any other 
nitrogenous waste product can be present in any 
appreciable quantity in the chloragogen. It is there- 
fore clear that the chloragogenous tissue is not 
primarily, if at all, concerned with nitrogenous 
excretion. This conclusion is supported by the work 
of Dr. P. Semal?. 

The granules probably consist mainly of phospho- 
lipid, and contain a yellow pigment which shows no 
well-defined absorption bands. Further work is in 
progress to identify these substances ‘precisely, and 
to determine the part they play in the metabolism 
of the worm ; a full account will be published later. 


Betty I. Roots 
Department of Biology, 
Royal Free Hospital School of Medicine 
(University of London), 
Hunter Street, 
London, W.C.1. 
1 Willem, V., and Minne, A., “Livre jub. ne casoe). Bambeke” (Bruxelles, 


1899) ; "Mem. Acad. Roy. Belg., 
*Semal, P., Bull. biol. France et soe (in the press). 


Nitrogen Fixation in Non-Legume 
Root Nodule Plants 


Ir has been shown!-* that fixation of atmospheric 
nitrogen is associated with nodule-bearing plants of 
alder (Alnus glutinosa), bog myrtle (Myrica gale) 
and sea buckthorn (Hippophaé rhamnoides), enabling 
the plants to grow in a rooting medium free of com- 
bined nitrogen just as in the case of legumes. This is 
well illustrated by Fig. 1, which shows plants of sea 
buckthorn from a recent experiment. ‘There are, of 
course, other non-legume root nodule plants, but 
those named, together with related species, are the 
examples occurring in northern countries. 

Mainly as a result of improvements in cultural 
technique, rates of fixation considerably exceeding 
those previously reported have been attained in 
recent experiments, particularly with bog myrtle and 
sea buckthorn. Some values are shown in Table 1. 
They refer to plants raised in water culture (nitrogen- 
free solution) in a city greenhouse; they could 
doubtless be improved upon still further under more 
congenial conditions, as they possibly are in the field. 
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Fig. 1. First-year plants of sea buckthorn (Hippophaé rhamnoides) 
grown in culture solution free of combined nitrogen, those on the 
left bearing root nodules. (x 1/5) 


The fixation recorded for alder and bog myrtle during 
the first year of growth considerably exceeds that 
usually shown by annual legumes under experimental 
conditions ; the fixation of 450 mgm. per plant 
recorded by Gidbel* in a particular experiment with 
soya bean is exceptional. Fewer data for arborescent 
legumes are available, but the fixation reported’ for 
Robinia pseudoacacia in its first year is well below 
that for alder and bog myrtle. 

The view* that the significance of the fixation by 
these non-legumes in regions of natural vegetation 
is considerable is supported by the observations of 
Crocker and Major’ at Glacier Bay, Alaska. Their 
data indicate that under alder thicket, the develop- 
ment of which is a regular stage in the colonization 
of the bare areas left by the recession of the glaciers, 
a considerable build-up of soil nitrogen occurs, 
amounting to 55 lb. per acre annually. No doubt 
this facilitates the next stage in the succession, 
namely, the replacement of the alder by Sitka spruce. 

No ready method for the further exploitation of 
these nitrogen-fixing plants suggests itself. In tropical 
countries shrubby legumes are frequently grown for 
green manure, and it is possible that under quite 
different climatic conditions there might be occasions 
when some such use could be made of these very 
hardy non-legumes. Bearing in mind the ability of 
these plants to grow on land unsuited to agriculture, 
there is the further theoretical possibility of convert- 


Table 1 





Fixation per 




















plant during Subsequent fixation 
first year 

Alder 300 mgm. 2,500 mgm. | 
(Alnus glutinosa) (by end of second year) 
Bog myrtle 460 mgm.* 5,020 , 
(Myrica gale) (by end of third year) 
Sea buckthorn 26 mgm. 200 mgm. 
(Hippophaé rhamnoides) (by end of second year) 








* After fourteen months, for seven of which the p plants were 2 in the 
winter, leafless condition. 
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ing the nitrogen in material harvested from plantings 
in such areas into fertilizer by an industrial equivalent 
of the Kjeldahl process ; practical difficulties would 
be many and the economics probably unsound. In 
any future developments of the idea of preparing 
edible protein from leaves* these plants would merit 
consideration. 
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Controlled Differentiation in Cultures of 
Two Liverworts 


Ir is well known that relatively undifferentiated 
tissues Of many vascular plants can be grown con- 
tinuously in aseptic culture, and, 
under appropriate conditions, may 
often be induced to produce normal 
fully differentiated organs'. Similar 
cultures do not appear to have been 
described for any of the bryophytes. 
Wettstein®* obtained undifferen- 
tiated apolar tissue from spores of 
Funaria, by growing them on media 
containing relatively high concen- 
trations of thiamine or of narcotics 
such as chloralhydrate, but the cell 
masses produced never comprised 
more than 30-50 cells. Meyer* 
observed similar clumps of rounded 
cells in cultures prepared from 
the spores of an unnamed leafy 
liverwort (probably Cephaloziella) 
but after several months the clumps 
gave rise to leafy shoots. In contrast 
with the restricted growth described 
in these previous investigations, the 
active and apparently unlimited 
growth of a callus-like tissue has 
now been obtained in two represent- 
atives of the liverworts—fFossom- 
bronia pusilla (L.) Dum. (Junger- 
manniales Anacrogynae) and Re- 
boulia hemisphaerica (L.) Raddi 
(Marchantiales). 

The cultures were initially pre- 
pared by sowing spores of the two 
species, under aseptic conditions, 
on @ 1 per cent Knop’s agar, either 
with or without the addition of 
2 per cent glucose (A.R.). In the 
absence of glucose, development 
proceeded normally, but on the 
glucose medium growth was slow, 
except in some cultures in which 
irregular masses of more rapidly 
growing tissue were formed (Figs. la 


a and 6b, cultures of 
ing cultures of F 
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and 6). These anomalous tissues were transferred 
later to fresh medium and following a further transfer 
have now been maintained in their original undiffer- 
entiated condition for a period of longer than six 
months. 

The tissues from the two species show differences 
in detail. In Fossombronia, the mass is bright green 
in parts and almost colourless elsewhere ; it gives 
the impression of having been produced by repeated 
division of the apical meristem of a juvenile shoot. 
In Reboulia, the tissue is deep green and composed 
of small clumps of isodiametric richly chlorophyllous 
cells, which grow out occasionally into smooth-walled 
rhizoids or short germ tubes. The tissue is here 
little removed from a persistent protonema phase. 

It is of particular interest that the tissue of both 
species at once begins to differentiate when trans- 
ferred to the inorganic medium (Figs. Ic and d), 
notwithstanding the fact that the growth-rate is at 
first many times greater on the glucose medium. 
The development of @ normal thallus is achieved very 
soon in the Reboulia cultures, but in Fossombronia 
the normal leafy shoots are preceded by cylindrical 
dichotomously branched leafless structures, which 
evidently correspond to the juvenile thallus described 
by Chalaud’. 

The absence of appreciable differentiation in the 
presence of glucose requires an explanation. Accord- 
ing to Biinning**’, polarity is necessary for differ- 


(a) (0) 





Fig. 1. Cultures of Fossombronia pusilla (L.) Dum. and Reboulia hemisphaerica (L.) Raddi. 
photographed in — tubes. Grown under artificial light, 400 foot-candles, at 22° C 


Fossombronia (x c. 6°8) and ia (Xe. 3-25), respective 


vely, 
grown on 1 per cent Knop’s agar with addition of 2 per cent qoaneee ; cand d, diverentiat- 


ia and Reboulia (both x c. 3-4) two months after transfer 


from 2 per cent glucose agar to Knop’s agar without glucose 
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entiation, and suppression of polarity, either by the 
direct effect of various treatments on the protoplasm 
or by neutralization of internal gradients of nutrients, 
growth substances, etc., will prevent normal differ- 
entiation, but does not necessarily result in the 
cessation of cell division. On the basis of this hypo- 
thesis, the action of glucose on the liverwort sporelings 
could be due to interference with the normal polar flow 
of nutrients. Experiments using different nutrients 
and non-nutrient osmotically active substances may 
furnish further relevant information. It should 
perhaps be emphasized that a considerable number 
of plant materials, such as Conocephalum thalli, 
many Bryales, and the sporelings of Marsilea 
undergo normal differentiation on the same glucose 
medium. 

I am indebted to Mr. E. Ashby for the photographs 
reproduced in Fig. 1. 

A. ALLSOPP 
Department of Cryptogamic Botany, 
University of Manchester. 

2 Gautheret, R. J., Ann. Rev. Plant Physiol., 6, 483 (1955). 
* Binning, E., and Wettstein, D. v., Naturwiss., 40, 147 (1953). 
* Wettstein, D. v., Z. Bot., 41, 199 (1953). 
“Meyer, D. E., Naturwiss., 40, 297 (1954). 
*Chalaud, G., Rev. Gén. Bot., 41, 24 (1929). 
* Binning, E., Surv. Biol. Prog., 2, 105 (1952). 
* Binning, E., in “The Growth of Leaves” (London, 1956). 


Isolation of Soft Rot Bacteria on 
Wieringa’s Pectate Gel 


THE disintegration or soft rot of the parenchyma 
of plants is caused by varieties of the coliform 
bacterium Pectobacterium carotovorum, which secretes 
enzymes capable of destroying the pectic substances 
of the cementing layer (middle lamella) of contiguous 
cells. No other coliform bacteria possess these 
enzymes. 

Bacteria isolated from rotted tissues or from soil 
on ordinary nutrient agar are mixtures of various 
types of which those causing rotting can be identified 
by the further process of testing the action of in- 
dividual colonies on slices of potato or carrot. 

If, however, a ‘pectin’-containing medium is used 
in place of nutrient agar the soft rot bacteria manifest 
themselves at once by liquefying the medium and 
thus can be isolated in one operation instead of 
two. 

The basic element of ‘pectin’ is galacturonic acid, 
the COOH groups of which are more or less 
methoxylated (—OCH;). The ‘pectins’ in common 
use are highly methoxylated and form a gel only on 
addition of acid or 95 per cent of sugar, whereas 
the low methoxylated ‘pectins’ form a stable gel 
when calcium ions only are present in sufficient 
quantity. 

Wieringa! devised such a medium by pouring a 
‘pectin’ solution on to well-set calcium agar from 
which the calcium ions diffused into the ‘pectin’, 
which slowly set as a stiff clear gel suitable for streak- 
ing plates. 

This plating medium has proved highly satisfactory 
and is much easier to prepare than any other ‘pectate 
gel’ so far devised. By its use the bacteria responsible 
for potato black leg can be immediately detected. 
The medium is made as follows. 

(1) The caletum agar. Soil extract, 500 ml. ; 
sodium chloride, 0-5 gm. ; calcium chloride, 2-5 gm. ; 
yeast extract, 0-5 gm.; agar, 10-0 gm. Adjust to 
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pH 9-0 and autoclave at 15 lb. for 15 min. Pour 
enough to cover the bottom of Petri dishes and 
place in a desiccator to dry thoroughly (about 2 days). 

(2) The ‘pectin’ solution. Prepare a 2 per cent 
sodium polypectate solution by adding the powder 
slowly to hot distilled water, stirring all the time. 
Add 4 per cent bromo-thymol blue and adjust the pH 
to 8-0 by adding N sodium hydroxide drop by dro). 
Autoclave at 10 Ib. for 2 min. When cold pour just 
enough to cover the surface of the agar plates and 
leave to set and dry in a desiccator (about 8 days). 
The plates are ready for streaking if no liquid exudes 
from between the layers of pectate gel and agar when 
the plates are slightly tipped up. They keep well 
under a bell-jar at laboratory temperature. 

W. J. Dowson 


VOL. 179 


Botany School, 
Cambridge. 
Jan, 12. 


1 Wieringa, K. T., Rep. Proc. Fourth Internat. Cong. Microbiology, 
Copenhagen, 1947, p. 482 (1949). 


Surface Microflora of Pine Needles 


In East Anglia, the crowns of pines (Pinus 
sylvestris and P. nigra var. calabrica) bear large 
numbers of fungal spores. Their presence is readily 
shown by allowing water to percolate through freshly 
collected needles on to sections of pine stem about 
1 em. thick and 7 cm. in diameter and then incubating 
these in Petri dishes at 22°C. 

With unsterilized sections, the substrate favours 
growth of wood-rotting basidiomycetes and, to a 
lesser extent, blue-stain fungi; with autoclaved 
sections a variety of other fungi predominate, 
basidiomycetes being largely suppressed by com- 
petition. The surface spore population of pine needles 
is readily washed off and may be estimated by plating 
suitable dilutions of washings on to sections of stem 
and also with malt agar; the number of colonies 
developing may be counted after about ten days. 
Thus in early December 1956, the approximate counts 
per needle for a sample of foliage from a pine planta- 
tion were as follows: Fomes annosus, 1; Clado- 
sporium sp., 4; Peniophora gigantea, 6; Sclero- 
phoma pithyophila, 14; and Ophionectria cylindro- 
spora, 60. 

Under some conditions, therefore, the total spore 
population of such species on @ single crown is measur- 
able in hundreds of thousands, if not in millions. 
The proportion of various species varies with locality 
and, with basidiomycetes, this probably reflects the 
extent of spore discharge in the vicinity. F'. annosus 
has been detected on pine foliage in many localities 
in Thetford Chase; but, as might be expected, it 
cannot readily be detected on the foliage of pines 
in shelter-belts remote from this forest. In a given 
locality, the spore population fluctuates with time, 
probably through loss in viability and washing off by 
rain. F. annosus, P. gigantea and Stereum sanguino- 
lentum, together with blue-stain and other wood- 
inhabiting fungi, have been detected in water drops 
falling from the tree canopy just after rain. 

This two-stage dispersal of basidiospores, by wind 
and water droplet, is almost certainly important in 
determining the chances of stump infection by the 
parasite F. annosus and other fungi, and may well 
be significant also for initiating mycorrhizal infection 
of rootlets. The apparent efficiency of pine needles 
in trapping wind-borne spores is doubtless related 
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to their shape, the chance of spore impaction being 
greatest on leaves of minimal cross-section (Gregory’). 
J. RisHBETH 
D. S. MeREpDITH 


No. 4561 





Botany School, 
Cambridge. Jan. 17. 


1Gregory, P. H., Trans. Brit. Mycol. Soc., 35, 1 (1952). 


Direct Effect of Preferential Segregation 
on the Origin of Polysomy 


INVESTIGATIONS of reverse linkage'® in Saccharo- 
myces (excesses of non-parental ditype tetrads yield- 
ing a frequency of recombination greater than 50 per 
cent) have revealed that the centromeres of the 
adenine-inositol chromosome and the proline—lysine 
chromosome demonstrate affinities for each other at 
the first meiotic division*. (Reverse linkage is not 
detectable in organisms in which a long hetero- 
chromatic region intervenes between the centromere 
and the euchromatin, permitting random recombina- 
tion between the centromere and the euchromatic 
genes.) 
two types, designated ‘up’ (U) and ‘down’ (D). In 
reverse linkage for genes closely linked to these centro- 
meres (genes controlling the synthesis of inositol and 
proline, respectively) the mating is U,D, x D,U,; 
(Fig. 1). Preferential segregation has been shown to 
occur in nearly every meiosis of this mating by the 
close agreement between the distances between inositol 
and proline obtained by (a) one mapping function 
assuming 100 per cent non-parental preferential segre- 
gation (which yielded the distance 36-25) and (b) an- 
other mapping function which utilized only the fre- 
quency of tetratype tetrads and thus was independent 
uf assumptions involving preferential segregation 
(which yielded the distance 37-50). Thus in nearly all 
resultant tetrads the gametes contain U,U, or D,D, 
centromere combinations. Unless recombination 
oceurs between the gene and its corresponding centro- 
mere, only non-parental ditype tetrads are obtained. 
The mechanism controlling the preferential segrega- 
tion of these non-homologous centromeres is inferred 
to comprise their synapsis just prior to meiosis I 
and their passing together to the poles in that 
condition at the first division. Marker-pairs which 
are in reverse linkage in one family may appear in 
direct linkage in a related family. This is inferred to 
result from the new mating U,U, by D,D,. 

From these findings it would follow that the mating 
U,D, by D,D, should produce a high frequency of 
unequal partitioning of chromosomes at the first 
division—U, passing to one pole and D,D,D, to the 
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Fig. 1. Diagram Roving bow reverse linkage occurs in a hybrid 
U,D, (IN pr) D,U, (in PR) through the affinities of the U,U. 
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other. After the second division two D,D, gametes 
would be produced disomic, or attached, for the pro- 
line-lysine chromosome and two non-viable spores de- 
ficient for the proline—lysine chromosome (if they were 
formed at all). Any hybrid resulting from a mating of 
one of these disomic gametes with a normal haploid 
would produce a clone trisomic for the proline-lysine 
chromosome. It is suggested that polysomy in 
Saccharomyces* as well as in all other organisms is 
the direct effect of this mechanism. It is important 
to point out that this mechanism differs fundament- 
ally from that involved in the induction of polyploidy 
since it does not entail an extra division of chromo- 
somes but merely a preferential segregation of 
chromosomes already present due te an imbalance 
of the types of centromeres. 

In inbred Saccharomyces stocks fertile hybrids are 
not found frequently and many test matings must be 
made before one is obtained in which a high frequency 
of viable four-spored asci occurs. Genetical analysis 
in this laboratory is confined to those families in 
which high frequencies of four-spored viable asci 
occur, thus obviating difficulties which arise due to 
polysomy, since this phenomenon might obscure the 
basic question of genic stability upon which our 
attention has been concentrated. The operation of 
this mechanism in the formation of trisomics in 
organisms used for single strand genetical analysis 
would not generally be detected because chromosomal 
elimination in the reduction division at the formation 
of the egg excludes the detection of chromosomal 
deficiencies resulting from unequal partitioning of 
chromosomes at the first division. The low viability 
of eggs from certain females may be due to this type 
of imbalance. A genome containing a few long 
chromosomes as in Drosophila might be expected to 
exhibit a low frequency of trisomics among the longer 
chromosomes even if preferential segregation were a 
common event, because disomic gametes would 
produce inviable zygotes due to the extreme genic 
imbalance and thus eliminate at their origin all 
trisomic zygotes. In Nicotiana, with a larger total 
number of chromosomes, trisomics might be expected 
to survive. 

This work has been supported by grants from the 
National Cancer Institute of the National Institutes 
of Health, Public Health Service, C-2140 and C-1179. 

Ernest E. SHULT 
CaRL C. LINDEGREN 
Biological Research Laboratory, 
Southern Illinois University, 
Carbondale, Illinois. Jan. 11. 
1 Shult, E. E., and Lindegren, ©. C., Genetica, 28, 165 (1956). 
*Shult, E. E., and Lindegren, C. C., “Mapping Methods in Tetrad 
Analysis. III. Reverse Linkage’ (unpublished). 
* Lindegren, C. C., and Shult, E. E., Experientia, 12, 177 (1956). 


‘see Phillips, M. M., and Sands, S. M., Genetics, 40, 546 


Structure of Turnip Yellow Mosaic Virus 


In this communication we report some of the 
results of the early stages of an X-ray diffraction 
study of crystals of turnip yellow mosaic virus!?, 
The two most important conclusions from the inter- 
pretation of the X-ray diagrams concern: (a) the 
packing of the virus particles in the crystal; and 
(b) the arrangement of protein sub-units in the 
individual virus particle. 

Crystals of this virus were first studied by Bernal 
and Carlisle**, who found a cubic unit cell of side 
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about 700A. On the basis of the absence of the 
222 reflexion they suggested that there were eight 
particles per unit cell, in a diamond-like arrangement. 

We have obtained X-ray precession photographs 
of single crystals of the virus (crystallized from 
ammonium sulphate solution!) and also powder 
photographs of crystals of the related ribonucleic 
acid-free virus protein®. From observations of system- 
atic absences at spacings out to less than 20 A., we 
are able to show that the space-group symmetry is 
F 4,3, and to deduce a new crystal structure for the 
virus, involving 16 particles per unit cell. This 
structure is described below. Confirmation that the 
number of particles per unit cell is 16 was obtained 
(Walker, P. M. B., and Klug, A., to be published) 
by measuring the ultra-violet absorption per unit 
path length through a single crystal and comparing 
it with the known absorption of the virus in solution. 

From this result, together with the observation of 
two classes of systematic absences not required by 
the space group, we are able to deduce that the virus 
particles lie with their centres at the lattice points 
of a pseudo-unit cell which is cubic, body-centred, 
and of side about 350 A. The large size of the true 
unit cell is due to the fact that alternate particles 
along the cube edge are rotated through 90° about 
the [100] axis. It may be noted that, viewed at low 
resolution, so that the two orientations of the virus 
particles are indistinguishable from each other, the 
crystal structure is the same as that of tomato bushy 
stunt virus’, namely, a simple body-centred cubic 
structure. 

Such a crystal structure requires that the virus 
particles themselves have cubic symmetry. Crick 
and Watson have shown® that the only possible 
cubic point-group symmetries which can occur in 
virus particles are 23, 432 and 532. Of these, only 
23 and 532 are compatible with the above crystal 
structure. This crystal structure implies that the 
point-group symmetry must be at least 23; the 
possibility that the additional non-crystallographic 
symmetry of 532 is also present must be considered. 

Our X-ray photographs show indications of 532 
symmetry, in that there is a concentration of re- 
flexions of high intensity in the directions of the 
symmetry axes of this point-group. This effect is 
similar to that observed by Caspar for tomato bushy 
stunt virus’; but, because of the higher symmetry 
of the crystals of turnip yellow mosaic virus, the 
number of spikes of high intensity is doubled, and 
their intensity is therefore relatively reduced. The 
higher symmetry of turnip yellow mosaic virus 
crystals, however, allows the possibility of determining 
directly whether the 532 symmetry indicated by the 
spikes is fully present or not. 

We observe certain weak reflexions which, if the 
particle had true 532 symmetry, would be absent. 
We therefore conclude that the turnip yellow mosaic 
virus particle has 23 symmetry, with additional 
pseudo-symmetry of the point group 532. It should 
be noted, in the case of bushy stunt virus with its 
simpler unit cell, that one cannot detect directly in 
this way any such pseudo-character of the 532 
symmetry. The possibility remains that in this case, 
also, the 532 symmetry is not strictly present. 

The existence of 23 symmetry implies that the 
particle contains a multiple of 12 sub-units. The 
additional pseudo-532 symmetry may be due either 
to an arrangement of 12 sub-units simulating 532 
symmetry, or to the presence of 532 symmetry in 
one of the two components of the virus particle (the 
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nucleic acid or the protein), the other component 
having 23 symmetry only. The latter alternative 
seems to us the more probable. Our measurements 
on X-ray powder diagrams of the ‘top layer’ virus 
protein particles suggest that the protein component 
may have true 532 symmetry : the intensity distribu. 
tion is consistent with an arrangement of sixty protein 
sub-units spaced 60 A. apart at the vertices of a 
snub dodecahedron (a semi-regular solid possessing 
532 symmetry). Moreover, consideration of the 
genetic function of the nucleic acid would lead us 
to expect that the number of sub-units might be 
less in the nucleic acid than in the protein component 
of the virus. 

A fuller account of this work, including a discussion 
of recent electron microscope observations’:*, is being 
submitted to Biochimica et Biophysica Acta. 

The work was supported by the Nuffield Founda- 
tion (A. K.) and the Agricultural Research Council 
(J. T. F. and R. E. F.). 

A. Kiue 
J. T. Frvoxn 
Rosauinp E. FRANKLIN 
Birkbeck College Crystallography Laboratory, 
University of London, 
21 Torrington Square, 
London, W.C.1. 
Jan. 11. 
* Markham, R., and Smith, K. M., Parasitol., 39, 330 (1949). 
* Markham, R., Dise. Farad. Soc., 11, 221 (1951). 
* Bernal, J. D., and Carlisle, C. H., Nature, 163, 139 (1948). 
* Bernal, J. D., and Carlisle, C. H., Dise. Farad. Soc., 11, 227 (1951). 
* Caspar, D. L. D., Nature, 177, 476 (1956). 
* Crick, F. H. C., and Watson, J. D., Nature, 177, 473 (1956). 
* Kaesberg, P., Science, 124, 626 (1956). 
® Steere, R. L. (in the press). 


Electronic Structure and Spectrum of 
s-Triazine 


A PAPER has been published recently! in which 
calculations of the electronic structures and spectra 
of the mono- and di-nitrogen heterobenzenes are 
reported. 

A similar calculation for s-triazine has now been 
made, in the hope of stimulating further experi- 
mental work on this molecule. The results are as 
follows. 

Ground-state. The self-consistent mobile charges 
on the nitrogen and carbon atoms were found to be 
1-115 and 0-885, respectively, while the corresponding 
self-consistent Coulomb integrals were found to be 
0-2408 and —0-0658. 

Excited states. The degeneracy which exists in the 
parent hydrocarbon (that is, benzene) persists in 
8-triazine. 

The energies of the excited states are given, as in 
the paper mentioned’, by a configuration interaction 
calculation. The energies of the first four excited 
singlet states, relative to the ground state, are given 
in Table 1, symmetries being indicated in the notation 
of Eyring, Walter and Kimball? and the corresponding 
ultra-violet absorption bands in the notation of Clar. 











Table i 
Symmetry | Energy (eV.) Corresponding 
absorption band 
14,’ | 5-81 | a 
14,’ 6-31 z 
1B’ 7-49 | .B 
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Very little experimental work has been carried out 
on this molecule ; I have found only that of Hirt, 
Halverson and Schmitt*, which reports the lowest 
(singlet) transition as having an energy of 5-62 eV. 
and a symmetry +A,’. Further experimental work is 
required to confirm our assignment. 


T. E, Peacock 


Physical Chemistry Laboratory, 
King’s College, 
Newcastle upon Tyne 1. 
Jan. 8. 


1McWeeny, R., and Peacock, T. E., Proc. oa Soe., A, 70, 41 (1957). 
* Eyring, H., Walter, J., and Kimball, G. , “Quantum Chemistry” 
(Wiley, ‘New York, 1944). 
‘Hirt, R. C., Halverson, F., and Schmitt, R. G., J. Chem. Phys., 22, 
1148 (1954). 


Remanent Magnetization of Lower to Middle 
Eocene Basalt Flows from Oregon 


Tue Siletz River Volcanic Series of north-western 
Oregon offers an ideal opportunity to determine the 
direction of the Earth’s magnetic field in the western 
United States during the early Tertiary. The forma- 
tion consists of 3,000—5,000 ft. of mainly submarine 
basaltic flows, flow breccia and tuff. Interbedded 
clastic sedimentary strata have yielded more than 
thirty species of fossils including brachiopoda and 
Turritella andersoni cf. subsp. susanae Merriam, on 
the basis of which J. Durham correlated this forma- 
tion with the Capay shale of California’. Additional 
faunal assemblages, including some foraminifera 
collected subsequently to those referred to above, con- 
firm this correlation and clearly establish the age 
of the Siletz River Volcanic Series as early middle 
Eocene to lower Eocene. Petrographically, the flows 
are porphyritic in texture, with phenocrysts of 
plagioclase and augite in a ground mass which con- 
sists of volcanic glass, plagioclase laths, and granules 
of augite and magnetite, the latter constituting as 
much as 15 per cent of the rock’. 

Fifty-seven oriented samples were collected from 
eight flows distributed across the coast range at a 
maximum distance of thirty-eight miles apart. All 
sampling was done in quarries or deep road cuts to 
avoid the effect of the weathered zone. Accurate 
geological attitudes could be measured in the 
associated sedimentary beds. 

Considerable scatter was encountered within 
individual flows. This was strikingly reduced by 
heating the specimens to 225°C. and cooling them 
in @ magnetic field of zero intensity—a procedure 
used by Doell at lower temperatures to reduce scatter 
in sediments?. Figs. 1 and 2 show the same twelve 
specimens which were cut from twelve oriented 
samples from a single flow. The convention used is 
that all points are plotted on the lower hemisphere 
of an equal area projection, solid points representing 
positive inclinations, that is, north-seeking poles 
downward, and open circles negative inclinations. As 
an individual specimen was heated to progressively 
higher temperatures, the direction of magnetization 
was found to move roughly in a great circle connecting 
the direction of the present dipole field and the mean 
direction of the flow. The heating process may either 
chemically destroy alteration minerals which possess 
@ crystallization magnetization*, or it may remove 
the component due to viscous magnetization. 
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Fig. 1. Original direction of magnetization of twelve samples 


rom flow A 


N 





Fig. 2. The — twelve — of Fig. 1 after heating to 


5° C. and cooling in zero field 


In one flow four samples were collected across a 
single pillow in which well-developed columnar joints 
radiated from the centre. Virtual elimination of a 
considerable initial scatter on heating suggests that 
any distortions in the magnetization which might 
possibly have been introduced by the stresses active 
in producing columnar jointing were removed by the 
heating process. 

The mean direction for each of the eight flows 
before correcting for tilt is plotted in Fig. 3. Three 
of the flows show positive and five negative inclina- 
tions. There is no obvious petrographic difference 
between the antiparallel sets. By Graham’s classic 
test for magnetic stability, the scatter should be 
reduced on correcting for tilt®. Fig. 4 shows this to 


be the case, all flows moving toward a common 
centre except flow H. This flow also has the greatost 
circle of confidence of any flow. 

Since a single flow cools rapidly with respect to 
the rate of secular variation and since there are 
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Fig. 3. Mean directions of eight flows before correcting for tilt. 
Cross indicates position of present dipole fleld 


N 





Fig. 4. Mean direction of eight flows after correcting for tilt 
hundreds of feet of sediments associated with the 
flows, the eight flows may be considered a sampling 
which is random with respect to the secular variation, 
and Fisher’s statistical method applied to give a mean 
direction of north 70° east and 55° down, with 
Ags = 7°. (Fisher’s model is not rigorously applicable 
to the analysis of a set containing anti-parallel 
directions, but is used here for comparative pur- 
poses.) The combined fifty-seven samples may also 
be treated by Fisher’s method to give a direction 
of north 67° east and 56° down, with Ag, = 3}°. 
The former is regarded as the more valid procedure, 
and the field thus computed is such as would be 
produced by an axial dipole field with a pole at latitude 
37° north and longitude 50° west. This pole lies 
about 30° north-east of the average pole found by 
Clegg et al. from the Deccan Traps‘, which are prob- 
ably slightly older. It differs by a greater distance 
from the Eocene poles computed from European data*. 
These measurements suggest the desirability of 
additional measurements in the early Tertiary in 
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order to establish the rate of variation of the averaze 
field. From this we may be able to determine i), 
accuracy in dating which is necessary for inter. 
continental comparisons of directions of remanent 
magnetization. 

I wish to acknowledge the assistance of P.D. Snavely 
of the U.S. Geological Survey in planning the ficid 
work, the financial support of the Institute of 
Geophysics, and the encouragement of Dr. John 
Verhoogen. 

ALLAN Cox 
Department of Geology, University of California, 
Berkeley 4, California. Jan. 2. 
* Snavely, P. D., and Baldwin, E. M., Amer. Assoc. Pet. Geol. Bi!!., 
806 (1948). 


* Doell, R. R., Trans. Amer. Geophys. Union, 37, 156 (1956). 

* Graham, J. W., J. Geophys. Res., 54, 131 (1949). 

* Clegg, J. A., Deutsch, E. R., and Griffiths, D. H., Phil. Mag., Ser. 8, 
1, 419 (1956). 

* Hospers, J., Nature, 178, 1183 (1954). 


Variation with Pressure of the Permittivity 
of Polythene 


[I~ connexion with the recent letter from Reitze|', 
some measurements made in 1954 of the variation 
with pressure of the permittivity of polythene may * 
be of interest. For these measurements, disks of 
polythene carried aluminium electrodes (which had 
been evaporated on) and were immersed in oil to 
which hydrostatic pressure, of up to 600 kgm./cm.?, 
was applied. One electrode on each disk was of 
smaller diameter than the disk itself, so that most 
of the stray capacitance at the edge of the disk was 
through polythene subjected to the same pressure 
as the rest of the specimen. 

The results showed that the effect in various types 
of polythene, and mixtures with small amounts of 
other polymers, was similar; and that the main 
change of permittivity is that caused by the com- 
pression of the material. The remaining effect, 
interpreted as a variation in the polarizability «. is 
given by 


5, ee hE, | eae 
adP (e—1)(e+2)C dP [ aint | 
where C is the capacitance of a sheet specimen ; or, 
for polythene, in which ¢ = 2-29, 


1 da 1 dC 

= ee os 2 oe oe OE 

a dP CG aP = 
-” 1 dc 
The term G ap was found to be 12-2 x 10-° per 


kgm./cm.* ; the compressibility of polythene at these 
pressures was taken as 31 x 10-* per kgm./cm.’ 
The term — is therefore —3 x 10-* per kgm./cm.’, 
% 

somewhat less than the earlier values mentioned by 
Reitzel; but as it arises only as the difference of 
two much larger terms, and as the compressibility 
of polythene is known to vary with pressure, the 
accuracy of this result cannot be good. 

A. C. Lyncu 

P. L. Parsons 
Post Office Engineering Research Station, 

Dollis Hill, London, N.W.2. 
Jan. 22. 


1 Reitzel, J., Nature, 178, 940 (1956). 











9 


race 
> the 
nter- 
nent 


ively 
ficid 
a of 


John 


sure 


pes 
of 
ain 
ym- 
ect, 


No. 4561 March 30, 1957 
FORTHCOMING EVENTS 


Monday, April | 


INSTITUTION OF ELECTRICAL ENGINEERS, fe res 
MUNICATION SROTION (at Savoy Place, London, w. Bros 2) a le 9a oe 
Informal evening on “Colour Television”. Talks by C. Jesty 
and Dr. E. L. C. White 

SOcCIRTY OF ENGINEERS (at the Geological Society, ye 
House, Piccadilly, London, W.1), at 5.30 p.m.—Mr. E. 8. Waddington : 
“Automation in the Motor Car Industry”’. 


Monday, April |—Tuesday, April 2 


SocInTY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (at the 
Wellcome Building, Easton Road, London, N.W.1), at 11 a.m.— 
Symposium on “S-Hydroxytryptamine”. 


Tuesday, April 2 


BoNE AND TooTH Society (at the Institute of Orthopaedics, 234 
Gre: at Portland Street, London, W.1), at 5 p.m.—Symposium on 
“Osteogenesis Imperfecta and Dentinogenesis Imperfecta 

INSTITUTION OF Post OFFICE ELSCTRICAL ENGINEERS (at the 
Institution of Electrical Engineers, Savoy Place, Victoria Embank- 
ment, London, W.C.2), at 5 p.m.—Mr. J. Gerrard and Mr. J. R. 
Walters: “The Corrosion of Underground Telecoms. Cables”’. 

INSTITUTION OF CHEMICAL ENGINEERS (in conjunction with the 
BRITISH NUCLBAR ENERGY CONFERENCE, at the Royal Institution, 
Albemarle Street, London, W.1), at 5.30 p.m.—Mr. R. Hurst, Mr. I 
Wells and Mr. D. Newby: “‘The Aqueous Homogeneous Reactor”. 

SocteTy OF CHEMICAL INDUSTRY, Sarge ENGINEERING = 
(at 14 Belgrave Square, London, $.w. 1), at 5.30 p.m.-——Mr. 
Baker: “Some Applications of Statistical “Control to the Chemical 
Industry”. 

INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION GRoUP (at 
1 Birdeage Walk, Westminster, London, 8.W.1), at 6.45 p.m.— 
Discussion on “The Need for Technologists in the Next Ten Years 
and How it is Likely to be Met’’. 


Wednesday, April 3 


ELECTRICAL ASSOCIATION FOR WoMEN (at the Connaught Rooms, 
Great Queen Street, London, W.C.2), at 9.45 a.m.—Thirty-second 
Annual Conference. 

ASLIB (at the Industrial Welfare Society, 48 Bryanston S 
London, W.1), at 2 p.m.—Mr. R. M. Fishenden: “The Availability 
of Atomic Energy Information”. 

ROYAL Soorsty oF Arts (at John Adam Street, Adelphi, London, 
W.C.2), at 2.30 p.m.—Brigadier J. L. P. Macnair: “Spherical Per- 
spective”. 

PHYsIcaL Soctrty, CoLour Group (at the Royal Paaue 
Society, 16 Princes Gate, London, 8.W.7), at 3.30 p.m.—Mr. R. ¢ 
Horner: “Colour Systems and C.i.E. Transformations” (Chairman’ 5 
Address). 

ROYAL METEOROLOGICAL SocretTy (at y Ney Road, London, 
S.W.7), at 5 p.m.—Prof. C. F. Powell, F.R.S.: “Experiments at High 
Altitudes with Free Balloons” (Symons Memorial cture). 

INSTITUTE OF PETROLEUM (at 26 Portland Place, London, W.1), 
at 5.30 p.m.—Mr. J. L. Putman: “Some Applications of Radio- 
activity in the Petroleum Industry”. 

_ INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W.C.2), at 6.30 p.m.— 
Mr. A. E. D. Heylen: “Electric Breakdown in Gases”. 

SocreTY FOR ANALYTICAL CHEMISTRY (at the Chemical Society, 
a House, Piccadilly, London, W.1), at 7 p.m.—Meeting on 
“Fluorimetry”. 


Thursday, April 4 


INSTITUTE OF REFRIGERATION (at the Junior Institution of Engineers, 
Pepys House, 14 Rochester Row, London, 8.W.1), at 5.30 p.m.— 
Prof. Dr. Ing. J. Kuprianoff: “Rapid Cooling of Meat in Germany”’. 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W.C.2), at 5.30 p.m.—Dr. G. M. Sutherland, F.R.S.: “Infra- 
Red Radiation” (Forty-eighth Kelvin Lecture). 

INSTITUTE OF METALS, LONDON LOCAL SECTION (at 17 Belgrave 
Square, London, 8.W.1), at 6 p.m.—Annual General Meeting, followed 
by Dr. J. Nutting: ‘“‘Recent Developments in Electron Microscopy”. 

ROYAL AKBRONAUTICAL SoOcreTY (at the wm of Mechanical 
Engineers, Birdcage Walk, London, 8.W.1), 6 p.m.—Mr. L. F. 
Nicholson’: “Engine—Airframe Integration”. 

SOCIETY OF INSTRUMENT TECHNOLOGY (at the National College 
of Horology and Instrument Technology, Northampton Polytechnic, 
St. John Street, London, E.C.1), at 6.30 p.m.—Discussion on “‘Educa- 
tion”, opened by Mr. C. J. eee and Mr. 8S. W. J. Wallis. 

SOCIETY FOR ANALYTICAL CHEMISTRY, BIOLOGICAL METHODS 
Group (at the Chemical Society, Burlington House, Piccadilly, 
London, W.1), at 7 p.m.—Mr. D. F. Harris and Mr. J. 3. pomapee : 

“Experience in the crobiological Assay of Vitamins’; Mr. 
Feinberg: “Quantitative Analysis of Immunologically Specific "Sub: 
stances in Agar Gel Plates”. 


Thursday, April 4—Saturday, April 6 


CIENTIFIO FinM ASSOCIATION (on behalf of the pen teen 
Se ientifie Film Association, at the French Institute, —_ Kensi 
London, 8.W. 7)—Conference on “Science Through F ilms and ~ 
vision—Best Ways of Presentation”. 


NATURE 687 


Friday, April 5 

pares OF MECHANICAL ENGINEERS, HYDRAULICS GROUP 
(at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.— 
Mr. T. Irvine Hudson: “Modern "frends in Waterworks Pumping 
Machinery”. 

Socigty OF DyERS AND CoLouRISTS, LONDON SEOTION a the 
George Hotel, Luton), at 7 p.m.—Mr. L. Chesner and Mr. G. C. Wood- 
ford: “Some Aspects of Bleaching with Hydrogen Peroxide and 
Peracetic Acid”. 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 

pe omg m.—Sir Gordon Radley: “The First Trans-Atlantic Telephone 
Cal 


Saturday, April 6 


BRITISH INTERPLANETARY Society (in the Tudor Room, Caxton 
Hall, Caxton Street, London, 8.W.1), at 6 p.m.—Mr. Heinz Walder: 
“History of Rocket Development in the Walterwerke”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

BIOCHEMIST, Basic Grade (with a science degree), at Doncaster 
Royal Infirmary—The Group Secretary, Doncaster Hospital Manage- 
ment Committee, Doncaster Royal Infirmary, Doncaster (April 6). 

ASSISTANT EXPERIMENTAL OFFICERS or ASSISTANTS (SCIENTIFIO 
AT THE WANTAGE RADIATION LABORATORIES, to assist in a study of 
reactions of potential industrial importance, which might be initiated 
by radiation—The Establishment Officer, Atomic Energy 
Establishment, Harwell, Didcot, Berks, quoting 742/34 (April 8). 

ASSISTANT LECTURER IN PHYSICAL or INORGANIC CHEMISTRY at 
Makerere College (The University College of East Africa)—The 
Secretary, Inter-University Council for ey Education Overseas, 
29 Woburn Square, London, W.C.1 ( 

SENIOR PROGRAMMER (with a first- 2 pot class honours degree 
in mathematics) TO AN ELECTRONIC DicITaL ComPpUTER—The Secre- 
tary, aoe orth Western Gas Board, 60 Whitworth Street, Manchester 1 
(April 8). 

ASSISTANT LECTURER IN GEOLOGY—The Registrar, University 
College, Leicester (April 13). 

ASSISTANT EXPERIMENTAL OFFICER (with a pass degree or equiva- 
lent, and training in chemistry and/or botany), to help with the 
biochemical study of tuberous Solanums—The re John Innes 
Horticultural Institution, Ba: yf Hertford, Herts (April 15). 

LECTURER IN ANATOMY— Registrar, King's College (Univer- 
sity of London), Strand, ee W.C.2 (April 16) 

LecrurER (with special qualifications in orga chemistry) IN 
CHEMISTRY—The Secretary, The atventiy Edinburgh (April 17). 

ASSISTANT EXPERIMENTAL OFFICER (with a degree in horticulture 
or agriculture, and statistical experience or an aptitude for mathe- 
matics) IN THE STATISTICS SECTION, esp lly 
liaison with the Advisory Services—The Secretary, East Malling 
Research Station, near Maidstone, Kent (April 20) 

LECTURER (with an honours degree in philosophy) IN THE DEPART- 
MENT OF PHILOSOPHY, Canterbury University College, Christchurch, 
New Zealand—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (New 
Zealand, April 20). 

ASSISTANT LECTURER (preferably with research experience in the 
field of protein chemistry) IN TEXTILE CHEMISTRY—The Registrar, 
The University, Leeds 2 (April 24). 

LECTURER IN RADIOCHEMISTRY—The Secretary, The University, 
38 North Bailey, Durham (April 27). 

PROFESSOR OF PHYSICAL CHEMISTRY; and a PROFESSOR OF MECH- 
ANICAL ENGINEERING—The Registrar-in-Charge, Indian Institute of 
Science, Bangalore 3, India (April 29). 

ASSISTANT or ASSOCIATE PROFESSOR OF BIoLOGy—The Head, 

5 on hag of Biology, Memorial aw of Newfoundland, St. 

in’s, Newfoundland, Canada (April 30). 

ASSISTANTS (2) (with good academic qualifications and experience 
in physical chemistry or inorganic chemistry) IN CHEMISTRY—The 
Clerk to the Governors, Chelsea Polytechnic, London, 8.W.3 (April 30). 

ELECTRON MIcROSCcOPIST at the University of Sydney, Australia, 
to be responsible for providing a service with the electron microscope 
to those departments within the University which require this research 
facility—The Secretary, Association of Universities of the British 
eee, 36 Gordon Square, London, W.C.1 (Australis, 

pril 30) 

HEAD OF THE DEPARTMENT OF GENETIOS—The Secretary, John 
ren a Institution, Bayfordbury, Hertford, Herts 

ril 30 

ECTURER IN AGRICULTURAL ZOOLOGY at the University of Khar- 
toum—tThe Secretary, Inter-University Council for oo Education 
Overseas, 29 Woburn Square, London, W.C.1 (April 3 
cg noruaae IN PaiLosopuy—The Registrar, The Pniversity, Bristol 8 

pril 30 

RESEARCH FELLOW IN PURE SCIENCE—The Secretary, The Univer- 
ay, 88 North Bailey, Durham (April 30). 

NIVERSITY CHAIR OF NATURAL PHILOSOPHY (APPLIED MATHE- 
MATICS)—The Secretary of the University Council, Trinity College, 
Dublin (May 1). 

RESEARCH OFFICER (organic chemist, with at least a B.Sc. honours 
degree and some research experience, and preferably a gee of 
high polymers) AT THE PAINT INDUSTRIES RESEARCH INST 
Durban (University of a a South African Council for Scientife 
and Industrial Research he Secretary, Association of Universities 
of the British Gaanaivedin, 86 Gordon Square, London, W.C.1 


PARTMENT OF EX- 





May 

ASSISTANT DIRECTOR OF RESEARCH IN THE D 
PERIMENTAL MEDICINE—Dr. G. A. Gresham, Secretary of the Appoint- 
ments Committee of the Faculty of Medicine, The University, Tennis 
Court Road, Cambridge (May 4). 
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LECTURER IN ORGANIC CHEMISTRY ; and a LECTURER IN ZOOLOGY 
at the University College of Rhodesia and Nyasaland—tThe Secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn 
Square, London, W.C.1 (May 4). 

LECTURER IN Puysics at the University of Otago, Dunedin, New 
Zealand—The Secretary, Association of Universities of the British 
a 36 Gordon Square, London, W.C.1 (New Zealand, 
May 15). 

LEVERHULME STUDENTS and SHELL STUDENTS (graduates in chem- 
istry or engineering) IN CHEMICAL ENGINEERING—The Registrar, 
University College, Gower Street. London, W.C.1 (May 15). 

LECTURER or ASSISTANT PROFESSOR (with graduate training, prefer- 
ably at the Ph.D. level) oF GEOPHYsIcS—Robert J. Uffen, Department 
of Physics or Geology, University of Western Ontario, London, 
Ontario, Canada. 

LECTURERS ; and RESEARCH FELLOWS IN THE INSTRUMENT TECH- 
NOLOGY SECTION—Professor of Instrument Technology, Physics 
Department, Imperial] College, London, 8.W.7 

METALLURGISTS (with a first- or second-class honours degree or 
equivalent qualification in metallurgy, and at least three years post- 
graduate metallurgical research experience) at a Ministry of Supply 
Research and Development Establishment, near Sevenoaks, Kent, 
to lead a section carrying out research on high temperature materials 
—The Ministry of Labour and National Service, Technical and Scien- 
tific Register (K), 26 King Street, London, 8.W.1, quoting F.137/7A. 

PuHysicist (graduate of a British university and experience in 
electronic engineering) for duties mainly connected with the Depart- 
ment of Electroencephalography—The Secretary, Runwell (Mental) 
Hospital, near Wickford, Essex. 

PHYSICIST (with an honours degree in physics and some experience 
in radioisotope work), for work concerned with the clinical uses of 
radioactive isotopes—The Clerk to the Governors, St. Bartholomew’s 
Hospital, London, E.C.1, marking envelope “‘Physicist’’. 

PHYSICISTS or ELECTRICAL ENGINEERS (with a first- or second-class 
honours degree in physics or electrical engineering) with the Ministry 
of Supply at the R.A.E., Farnborough, Hants, to develop and design 
circuits to deal with special problems—The Ministry of Labour and 
National Service, Technical and Scientific Register (K), 26 King 
Street, London, $.W.1, quoting A.83/7A. 

PHYSICIsTs (with, or obtaining, a first- or second-class honours 
degree or equivalent) at various Ministry of Supply Experimental 
Establishments, mainly in the south of England, for research and 
development directed towards the solution of problems and the 
development of new ideas in various fields including aircraft and 
aircraft equipment; gas turbines and jet engines; improved cross 
country vehicle mobility ; guided missiles and other armaments ; 
instrumentation ; radio, r. and communication equipment—The 
Ministry of Labour and National Service, Technical and Scientific 
Register (K), 26 King Street, London, $.W.1, quoting A.420/6A. 

PLANT BIOCHEMIST (with research experience) AT THE INSTITUTE 
OF PLANT PHYSIOLOGY, for work on metabolism under mineral de- 
ficiency—The Director, Research Institute of Plant Physiology, 
Imperial College of Science, London, 8.W.7. 

RESEARCH ASSISTANT (with some knowledge of electronics; an 
interest in X-ray methods, and preferably a degree or Grad. Inst.P.), 
for work on identification by X-ray diffraction methods—Prof. A. J. C. 
Wilson, University College, Cardiff. 

SENIOR TECHNICIAN, Grade 1, for work in connexion with the 
application of materials in surgery—Department of Biomechanics 
and Surgical Materials, Institute of Orthopedics, Royal National 
Orthopedic Hospital, Brockley Hill, Stanmore, Middlesex. 

STATISTICIAN (with a good honours degree in mathematics or 
statistics, and preferably an interest in agriculture or biology)—The 
Secretary, Grassland Research Institute, Hurley, Maidenhead, Berks. 

TECHNICIAN (with the I.S.T. Certificate or an equivalent qualifica- 
tion, and experience in photo-micrography) IN THE DEPARTMENT OF 
ZooLoGy—tThe Secretary, The University, Old College, South Bridge, 
Edinburgh, 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


The Impermeability of Peat and the Origin of the Norfolk Broads. 
By Marietta Pallis. A Note on Acorn-Distributing Birds. By 
Marietta Pallis. Pp. 15. (Glasgow: Robert Maclehose and Co., i 

ie Steroid Anaesthetic. Pp. 33. (Folkestone : 4 
3 7. 91 

Liverpool Observatory and Tidal Institute. Annual Report, 1956. 
Pp. 16. (Liverpool: Liverpool Observatory and Tidal Institute, 
1957.) 291 

Scottish Home Department. Freshwater and Salmon Fisheries 
Research Series. No. 14: The Effect of Flooding on the Growth 
Rate of Brown Trout in Loch Tummel. By R. N. Campbell. Pp. 7 
(Edinburgh : H.M. Stationery Office, 1957.) 28. net. T291 

The Manchester Museum. Report of the Committee for the year 
ending July 31st, 1956. Pp. 24. (Manchester: Manchester Museum, 
The University, 1956.) 29 

Seventh Year Sand Up: a Report on the Progress of Britain’s 
Gas Industry. Pp. 8. oe + A The Gas Council, 1957.) [291 

a Meteorological Office. Weather Map: an Sitentedlben 
to Weather Forecasting. Fourth edition. Pp. vi+105+37 figures. 
(London : H.M. Stationery Office, 1956.) 10s. 6d. net. [291 

British Drug Houses. Tetrazolium Salt: a Reagent for Determining 
the Viability of Seeds. Pp. 4. Technical Information Series. ‘Pan- 
acide’ Brand Dichlorophen. Pp. 8. 2:3: 5-Triphenyl-Tetrazolium 
Chloride (Tetrazolium Salt). Pp. 30. (Poole: British Drug —. 

1 


Ltd., 1957.) 

Ministry of Agriculture, Fisheries and Food. Bulletin 135: Fruit 
Tree Raising—Rootstocks and Propagation. Third edition. Pp. 
ay ta photographs. (London: H.M. Stationery Office, 1eot 
5s. net. 291 
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Other Countries 


Metropolitan Life Insurance Company. Statistical Bulletin, Vo!. 37 
(November 1956): Rise in Motor Vehicle Accident Fatalities. Pp, 
12. (New York: Metropolitan Life Insurance Company, 1956.) {291 

New Zealand Forest Service: Forest Research Institute. Ani ual 
Report of the Forest Research Institute for the year ending 31 March 
1956. Pp. 88. New Zealand Forestry Research Notes. No. 7 (October 
1956): The Sampling of Timber for Standard Mechanical Tests, 
Part 1: A Practical Comparison of Two _ampling Methods. by 
C. RB. Hellawell. Part 2: Estimating the Species Means and Varia- 
a By W. G. Warren. Pp. 12. Technical Paper No. 11 (Novewber 

1956): Soils and se of the Northern Part of Te Wera State 

Forest, Taranaki. By W. T. Ward and G. H. Hocking. —-% ed 

from the New Zealand Journal of Science and Technology, Vol. 38, 

a B, No. 3.) Pp. 30. (Wellington: Government Printe er, 
956.) 

Cawthron Institute, Nelson. Annual Report, 1955-1956. Pp. 
(Nelson, N.Z.: Cawthron Institute, 1956.) rs a1 

New Zealand: Department of Scientific and Industrial Research, 
Geophysics Division. Seismological Observatory. Bulletin No. E 134: 
October, November, December, 1953, Wellington, other New Zealand 
Stations, and Fiji. Pp. ii+21. (Wellington, N.Z.: Government 
Printer, 1956.) [291 

Fisheries Research Board of Canada. Bulletin No. 108: Danish- 
seining Explorations in Newfoundland and Cape Breton Areas. By 

N. Stewart. Pp. vii+26. (Ottawa: Queen’s Printer, 1956.) 50 

cents. (291 
European Productivity Agency (O.E.E.C.). Problem Areas in 

European Agriculture. Pp. 68. (Supplement to FATIS Review.) 

(Paris : ——- Productivity Agency, O.E.E.C,, 1956.) 250 francs: 

Se. ; dollar [291 
N aor Instruments: a Journal on Accelerators, Instrumentation 

and Techniques in Nuclear Physics. Vol. 1, No. 1 (January 1957). 

Pp. 56. Published bi-monthly. Subscription price of a volume of 

360 pages: 130s.; 17 dollars. (Amsterdam: North-Holland Publish. 

ing Company; New York, Interscience Publishers, Inc., 1957.) [291 
Fourth Annual Report of the West African Institute for O11 Palm 

Research, 1955-56. Pp. 120. (Benin City: West African Institute 

for Oil Palm Research ; London: Crown Agents for Oversea Gove m- 

ments and Administrations, 1956.) 2s. 2 
World Health Organization. Technical “Report Series. No. 

Advisory oe 2 on Veterinary Public ie Pp 

agg World Health Organization ; London: H.M. 

Office, 1956.) 1 Swiss franc ; 1s. 9d.; 0-30 dollar. ¢ 
Institut Royal Météorologique ¢ - e Belgt ue. Contributions. No. 22: 
léments de Météorologie. ee. Rayonnement du Soleil. 

Par Dr. M. Nicolet. Pp. 50 oN, 42: Sur l’Origine de |l’Argon 

Atmosphérique. Par Dr. M. Nicolet. Pp. 26. Publications, Série A, 

No. 4: Sur Quelques Propriétés Statistiques de la Température de 

l’Air en Belgique. Par Dr. R. Sneyers. Pp. 62. Série B, No. 21: Le 

Temps en 1955. Par Dr. R. Sneyers. Pp. 46. (Bruxelles : Institut 

Royal ager de Belgique. 1956.) (291 
Indian Council of a Research. Bulletin No. 76: Plant 

Introduction Reporter—2. Pp. 34 Ag plates). (Delhi: Manager of 

Publications, 1956.) "Rs. 1/10/-; 6d. [291 
Canada : Department of Mines a Technical Surveys. Publica- 

tions of the Dominion Observatory, Ottawa. Vol. 14, No. 17: Biblio- 

graphy of Seismology, Item 8948-9132, January-June, 1955. By 

W. E. T. Smith. Pp. ii+363-382. (Ottawa : Queen’s Printer, 1956.) 

25 cents. {291 
Smithsonian Institution : Bureau of American Ethnology. List of 

Publications of the Bureau of American Ethnology, with Index to 

Authors and Titles. Revised to June 30, 1956. Pp. iv+112. (Wash- 

= D.C. : Smithsonian Institution, Bureau of American meme 

29 

Jahresbericht der Hamburger Sternwarte in Bergedorf fiir das 
Jahr 1955. Pp. 7. (Hamburg-Bergedorf: Hamburger Sternwarte in 
Bergedorf, 1956.) (291 

United States Department of the Interior: Geological Survey. 
Professional Paper 286: Age and Correlation of the Chattanooga 
Shale and the Maury Formation. By Wilbert H. Hass. Pp. iii+47- 
plates 2-5. (Washington, D.C.: Government Printing Office, ‘a 


n 
ical Service. Geophysical Review. Vol. 2, 
Part 3: Atmospheric Physics. No.1: Technical Note on Solar Data 
for Quetta. By Mohammad Rafique. Pp. ii+15. Vol. 2, Part 4 
Technical Progress Review, No. 9. Pp. ii+17. (Karachi: Pakistan 
Meteorological Service, 1956. ) 291 
Bibliography of Scientific Publications of South and South East 
Asia. Vol. 2, No. 3. (Published quarterly.) Pp. 60. (New oa: 
Insdoc, 1956.) 
Annual Report of the Kodaikanal Observatory for the year 155. 
Pp. 11. (Delhi: Manager of Publications, 1956.) [291 


VOL. 179 


-p. 
Pakistan Meteorol 
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END YOUR WATER VAPOUR TROUBLES 
NOW 


a ON ee. 
LEYBO1LD LEYBOLD 


Gas Ballast Pump Pedigree Pump 
HIGH VACUUM 


Leybold Gas Ballast Pumps have been used for over 16 years, in practically every 
country of the world. Every pump is backed by experience and proven achievement. 
Every pump has a certified performance. Leybold pumps are made by Vacuum 
Engineers for Vacuum Engineering. 


Send for a catalogue from 


DEPT. N.P., LEYBOLD VACUUM SALES LTD., COLQUHOUN HOUSE, 23-37 BROADWICK STREET, LONDON, W.1 
Agents for Leybold, Germany GERrard 9641/8 
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STEROID HORMONES 
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@ BIOLOGICAL TEST MATERIALS 


Three days after your order is received it will be delivered in most parts of Europe, 
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NUTRITIONAL BIOCHEMICALS CORPORATION 
21010 Miles Avenue e Cleveland 28, Ohio Write for new 
USA Catalog. Jan. 1957. 
¥ Over 1,700 items. 
Write Dept. 108 
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BAKER 


BECK NO.48 


INTENSE | eithaliail abt 


6 volts 30 s 
volts 30 watts | MONOCULAR MICROSCOPE 


With corrected condenser, filter holder, field iris and 
transformer. A powerful lamp for all microscopical 


purposes, 


C. BAKER 


Metron Works - 





RAS BECK LTD 


OF HOLBORN LTD. 


Purley Way * Croydon - Surrey 
CROydon 3845-6-7 














POTENTIOMETER 


The Pye Model “‘S” Potentiometer is ideally suited for use in schools or 
industrial laboratories. Inexpensive, easy to use, extremely adaptable, the 
Model “‘S” is a thoroughly reliable instrument with all the quality of 
workmanship and materials for which Pye is famous. We suggest that 
you write for further details—it won’t involve you in any obligations, and 
it may provide you with the answer to some of your problems! 
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